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A STUDY 1 OF THE RELATION OF DIET TO PELLAGRA INCI- 
DENCE IN SEVEN TEXTILE-MILL COMMUNITIES OF SOUTH 
CAROLINA IN 1916. 

By Joseph Goldbebgek, Surgeon; G. A. Wheeleb, Passed Assistant Surgeon; and Edgar Svden- 
sthickee. Statistician, United States Public Health Service. 
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I. INTRODUCTION. 

From the earliest history of pellagra a more or less important r61e 
has been assigned to diet in its relation to the disease. This has 
been forcibly expressed by Lavinder (1915) : "Ever since Casal's day 
students are convinced that pellagra is associated with a poor diet, 
and volumes of research and arguments have been offered on the 
subject. The Italians have done little more, Roussell somewhat 
sarcastically observed many years ago, than to ring changes on 
Casal's views. Yet they and all others must continue to study the 
relations between poor food and pellagra. For, among all the com- 
plexities and discordant things that surround this disease, this is the 
one outstanding fact 2 that most urgently needs explanation." 

It was fundamentally with the viow of finding the explanation of 
this fact, current theories being unacceptable, that a series of investi- 
gations of pellagra was begun in the spring of 1914 under the direction 
of one of the present writers (J. G.). 



i From Field Investigations of Pellagra. 



< Italics in original. 
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In a paper published June 26, 1914, Goldberger called attention to 
the significance of certain epidemiological observations which showed 
that at some institutions at which pellagra was either epidemic or 
had long been endemic among the inmates the nurses and attendants, 
drawn from the class economically identical with that most affected 
in the population at large, appeared uniformly to be immune, 
although living in the same environment and under the same condi- 
tions as did the inmates, and many of them also in frequent and 
intimate contact with cases of the disease. Neither contact nor 
insect transmission seemed capable of explaining this remarkable 
exemption of one of the two classes of residents. The suggestion 
was made that the explanation was to be found in a difference in 
the diet of the two groups, for it was observed that although the 
nurses and attendants appeared to receive exactly the same food as 
did the inmates, there was, nevertheless, a difference in the diet of the 
two groups, in that the nurses and attendants, being in a favorable 
position to choose from what was provided, selected the best for 
themselves. They were also free to supplement the institution diet 
in any manner they pleased. Furthermore, from a study of the 
dietaries of certain institutions in which pellagra prevailed, the 
impression was gained that cereals and vegetables formed a much 
greater proportion in these than they did in the dietaries of well-to-do 
people, that is, people who, as a class, are practically exempt from 
pellagra. Accordingly, the tentative suggestion was made that the 
prevention of the disease be attempted by improving the dietary of 
those among whom it is most prevalent by reducing the cereal and 
vegetable component and increasing the fresh animal foods (fresh 
meats, eggs, and milk) of the ration. 

The indications on which this suggestion was based were strikingly 
confirmed by other findings. Preliminary to an experimental test 
of the preventability of the disease by diet (Goldberger, Waring, 
and Willets, 1915; Goldberger, 1916) at an orphanage at Jackson, 
Miss., a study of the epidemiology of the disease was made at this 
institution and the singular fact was quickly discovered that the 
disease was practically exclusively confined to those between 6 and 
12 years of age. After a detailed inquiry the only significant differ- 
ence that suggested itself as an explanation of the exemption of a 
considerable group of inmates under 6 years and of another over 12 
years of age was a difference in the diet. In the diet of the affected 
group as contrasted with that of the exempt groups, there was noted 
a disproportionately small amount of lean meat or other animal 
protein food. Subsequent inquiry at other institutions developed 
analogous conditions, and, as a whole, in the light of the then recent 
advances in our knowledge of beriberi, these findings strongly sug- 
gested the idea that the disease was dependent for its development 
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on a diet that was for some reason faulty, and that this fault was in 
some way cither prevented or corrected by including in the diet 
larger proportions of the fresh animal protein foods. 

The indications for a possible method of prevention thus confirmed 
and more clearly defined, were put to a practical test at two orphan- 
ages and at an asylum for the insane. At orphanages "M. J." and 
"B. J.," for several years endemic foci of pellagra, the diet was 
modified in September, 1914, leaving hygienic and sanitary conditions 
unchanged. Following the change in diet, no recognizable evidence 
of a recurrence of the disease was observed at orphanage "M. J." 
in any of the pellagrins of 1914, 67 of whom remained under observa- 
tion at least until the anniversary date of their attack. Nor were any 
new cases observed among the nonpellagrin residents of 1914, 99 of 
whom remained under observation for not less than a year. At 
orphanage "B. J.," subsequent to the change in diet, but a single 
case of a recurrence was observed among the pellagrins of 1914, 105 
of whom remained under observation at least until the anniversary 
date of their attack. At the same time, not a single now case was 
observed among the nonpellagrin residents, 69 of whom remained 
under observation for not less than one year. 

At the Georgia State Asylum, an endemic focus of the disease, the 
diet of two wards of pellagrins was modified — one in October and 
the other in December, 1914 — leaving unchanged hygienic and sani- 
tary conditions and the institution routine. Following this change 
in diet and up to October 1, 1915, the end of the period for which 
the report was made, 1 no recognizable evidence of a recurrence in 
any of the pellagrins in these wards was observed, although 72 (36 
colored and 36 white females) remained continuously under observa- 
tion throughout this period, or at least until the completion of the 
anniversary date of their 1914 attacks. Whereas during the corre- 
sponding period not less than 15 (47 per cent) of 32 control female 
pellagrins presented definite recurrences. This experiment clearly 
showed that pellagra may be prevented by an appropriate diet 
without appreciable alteration in the environment, hygienic or 
sanitary. 

While the experiments designed to test the preventability of the 
disease by suitable additions to the diet were under way, another 
experiment was carried out to test the possibility of producing 
pellagra by means of a presumably faulty diet in which the foods 
which, for the reasons stated, might be assumed to have preventive 
or corrective power, were at a minimum. This experiment was car- 
ried out on convict volunteers at the Mississippi State Penitentiary 

1 These orphanage and asylum studies were continued to the end o{ 1916 and IMS, respectively, with 
results that ccineided with those of 1 he fli'st year. A further report on this study will appear in due time. 

(J. G.) 
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Farm, near Jackson, Miss., between February 4 and November 1, 
1915 (Goldberger and Wheeler, 1915; Goldberger, 1916; Goldberger 
and Wheeler, 1920). Of 11 men subsisting on a diet consisting of 
maize, wheat, riee, and pork fat with sweet potatoes, sugar, and 
some green vegetables, not less than 6 developed clearly marked 
evidence of pellagra at the end of 5 J to 6 months; while of a large 
number of controls living under poorer hygienic conditions and work- 
ing harder, but subsisting on a different diet, none showed any 
evidence of the disease. 

Thus, the results attained by the end of 1915 clearly showed the 
controlling influence of diet in both the prevention and the causation 
of the disease. 1 Accordingly, with the view of developing as broad 
a basis as possible for the eventual formulation of practical measures 
of control, it was planned during the winter of 1915-16 to supple- 
ment these (in part epidemiologic, but chiefly experimental) investi- 
gations by a study, in different types of industrial and rural com- 
munities, of the relation of factors of a dietary, sanitary, and economic 
character to the incidence of the disease. 

For various reasons it was decided to begin with a study of condi- 
tions in cotton-mill villages, these villages representing one of the 
types of communities in which pellagra was believed to be more than 
ordinarily prevalent. The study was begun in the spring of 1916 
and is still in progress. At this time we desire to report the results 
of the first year's work with respect to the relation of household diet 
to the incidence of pellagra. Some of these results have already 
been presented in a previous paper (Goldberger, Wheeler, and 
Sydenstrickcr, 1918). 

II. REVIEW OP THE STUDIES OF OTHER WORKERS. 

Before going on with an account of our work, it seems desirable to 
review the studies of other workers in this field. An examination of 
the literature bearing on the relation of diet to pellagra would involve 
practically all of the very voluminous literature of the disease and 
would be beyond the scope of the present paper. We propose to 
confine ourselves, therefore, to a consideration of those recent studies 
which may be regarded as in some sense comparable to our own, 
particularly as it is planned to consider the etiology of the disease in 
a separate paper subsequent to the. publication; of the results of the 
series of studies of which the present is a part. 

To Grimm (1913) would seem to belong the credit of the first 
attempt at a modern, comprehensive, unbiased, epidemiological 
study of pellagra. This study was carried out during the summers of 
1911 and 1912 in various localities in Kentucky, South Carolina, and 

'During 1916, Goldberger attempted without success to transmit the disease by a series of inoculations 
inhuman volunteers, with btood,jiaso-pharyng«il secretions, leces, urine, and desquamating epithelium. 
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Georgia. The method followed was to visit pellagrous communities 
and interview health officers and physicians, and with their assistance 
data were collected by interviewing pellagrins, securing reports of 
cases and deaths and reports of facts and conditions pertaining to 
the disease. 

Grimm reports that upward of 20.0 physicians were interviewed 
and information relating to a total of 1,426 cases was obtained. He 
himself visited 290 pellagrous houses and personally interviewed 323 
pellagrins. He found that the collection of accurate and detailed 
data on the subject of food used by pellagrins previous to the onset 
of the disease presented insurmountable difficulties. The systematic 
collection of information concerning the items of food most com- 
monly used, kinds, sources, quantity, and quality had to be aban- 
doned, as it was found that this information could be obtained in too 
few instances. "In many cases it was impossible to get even a 
meager account of what had been eaten, as the memory and' powers 
of observation of these people seemed extremely defective when the 
character of their diet was inquired into, * * *." The character 
of the data secured did not, in Dr. Grimm's opinion, warrant any 
conclusions. So far as his observations went, however, no constant 
difference was found to have existed between the diets of the pellag- 
rous and the nonpellagrous members of the families. In the closing 
remarks of the report of this pioneer investigation, Grimm states 
that from his observations "the relationship between food and pel- 
lagra seems to be a real one," but gives no indication of the evidence 
on which this opinion is based. 

In June, 1912, a commission (Thompson-McFadden), consisting of 
J. F. Siler, P. E. Garrison, and W. J. MacNeal, began an elaborately 
planned study in South Carolina, which has resulted in adding 
materially to our knowledge of the disease. We shall, in the present 
connection, concern ourselves only with the part of their investiga- 
tions dealing with diet. 

The study of the first year (Siler and Garrison, July, 1913), extend- 
ing from June 1 to October 15, 1912, carried out in Spartanburg 
County, S. G, was of a preliminary character. Their data were based 
on information obtained from statements of patients, physicians 
storekeepers, millers, and others. "In order to determine the rela- 
tive frequency with which the more important foodstuffs were used, 
patients and their families were closely questioned as to how often 
certain articles of food would appear on the family table, and with 
regard to the patient's particular fondness for any particular dish." 
This information was of a general nature and dealt with the habitual 
dietary of pellagrins and their families. The tabulated data sub- 
mitted by them for the year studied represent, it would seem, the 
habitual dietary of the pellagrins occurring in three groups of the 
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population of the cmnty studied, namely, mill village, urban, and ru- 
ral. Among the foods considered, it is interesting to note the finding 
that fresh beef was not a staple article of diet of any of these groups 
during the summer months. On the other hand, they report that 
fresh fowl was used quite extensively during the summer months in 
all three groups. The actual percentages of those using fowl, either 
daily or habitually, are reported to have been as follows : Urban cases, 
66 per cent; rural cases, 65 per cent, and mill village cases, 41 per 
cent. With respect to milk, it is reported that 72 per cent of the mill 
village cases, 67 per cent of the rural cases, and 54 per cent of the 
urban cases used this food either daily or habitually. The interesting 
observation is also recorded that, in the locality studied, in contrast 
to northern Italy, wheat flour is the principal breadstuff. 

Summarizing the results of this study, the commission states that 
"observations upon the habitual use of the more common foodstuffs 
failed to discover any points of difference between pellagrins and non- 
pellagrins in the county." It does not appear, however, that the data 
presented relate to any but pellagrins, and so it is not clear on what 
this statement is based. They state further (S., G., and MacN., 
1914a) that careful consideration was given to the possible relation 
of an insufficient diet to the occurrence of pellagra, and that they 
are inclined to ascribe considerable importance to it, not as the sole 
or essential cause of pellagra, but as a predisposing factor. They 
state that the foods rich in animal protein, namely, meat, milk, and 
eggs, although apparently used in abundance by a few individual 
pellagrins in their series were, nevertheless, conspicuous by their de- 
ficiency in many of the cases. 

In evaluating the significance of this study one will have to take 
into consideration (1) the very general character of the data which 
apparently related only to the diet of pellagrins, and (2) the absence 
of any evidence of appreciation of the importance of the seasonal 
factor in relating diet to the incidence of the disease. 

This study was continued by the commission during 1913, when 
they undertook "a careful investigation of the dietary habits, not 
only of pellagrins and their families, but also of all the remaining 
population of the same class living under the same conditions, in 
certain selected industrial communities." Data were secured for 
each family by personal interview with a member of the family. 
The investigators recorded the diet served in the family as a whole, 
and each member of the household was considered as belonging to the 
dietary group of his family. In obtaining the data, a record was 
made of the frequency of use in the family of various foods, recog- 
nizing 7 classes of frequency: "First, daily use, which is self-explana- 
tory; second, habitual use, meaning as often as twice a week on the 
average; third, part time daily, which means daily use during certain 
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seasons of the year; fourth, part time, habitually, or habitual use 
during certain seasons; fifth, rarely, which means used less frequently 
than twice a week; sixth, part time rarely, and, seventh, never." 

In analyzing these data the population as represented first by the 
family as the unit and then by the individual as the unit was divided 
into several groups distinguished from each other by the frequency 
with which the particular food was used in the family, and then the 
relative number of cases of pellagra in the different groups was com- 
pared. As the data related to family and not to the individual use 
of various foods, the analyses, using the individual as a unit, do not 
seem to us to have been permissible as involving danger of a confusion 
of ideas, of which, indeed, there is repeated evidence throughout the 
report of this interesting study. Thus, in discussing the relationship 
of the frequency of use of fresh meat to pellagra they state that "in 
the total population of the six villages the pellagra morbidity is 
actually highest in the group of 82 persons who used fresh meat 
daily," when all that could properly have been meant was that the 
morbidity was highest in the group of households (composed of 82 
persons) who used fresh meat daily. 

They analyzed their data in relation to corn meal, fresh meat, 
canned goods, milk, and eggs, and state that they found that the 
theory that pellagra is caused by the excessive use of corn meal, or 
that it is caused by a deficiency of fresh meat in the diet, was not 
supported. On the contrary, it appeared to them quite certain that 
in the population studied, those avoiding fresh meat contracted this 
disease the least. 1 Similarly, the frequent, even daily use of fresh eggs 
afforded no relative protection from pellagra. With respect to canned 
goods they state that their study failed to discover any evidence that 
the use of canned goods causes pellagra. From the analyses presented 
on the use of milk it seemed to them "evident that in the whole popu- 
lation those persons using milk daily contracted pellagra the least." 
"In every one of the six villages [studied], the group using milk daily 
showed a lower incidence than the average for that village, and the 
group never using milk showed a higher incidence than the average. 
The correlation is quite inconsistent in the groups using milk habit- 
ually and rarely. The tendency toward correlation between the 
occurrence of new cases of pellagra and the deficiency of milk in the 
diet is nevertheless distinctly evident, on the whole, and suggests 
that the use of milk (including buttermilk) as a food has some value 
in the prevention of pellagra." Summarizing this study, the commis- 
sion states (S., G., and MacN., 1914b) that a "house-to-house canvass 
of the homes of over 5,000 people living in six endemic foci of pellagra 

1 Italics are ours. It is interesting to note in this connection that they state that the lowest morbidity 
from pellagra was observed by them in the two of the six villages in which the local market sold fresh meat 
throughout the year. 
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failed to disclose any definite relation of the disease to any element of 
the dietarjv' 

In evaluating the significance of this, as of their preliminary inves- 
tigation, account must be taken of the fact (1) that the data are again 
of a very general character; (2) that there is no evidence of apprecia- 
tion on the part of these workers of the importance of the seasonal 
factor in relating diet to the incidence of the disease; (3) that the 
data relate to family, not to individual use of foods; (4) that the 
term "pellagrin" is not defined, leaving one in doubt whether, in 
some of their analyses, this includes only active cases or whether, as 
seems not improbable, it also includes some quiescent cases; and (5) 
that an error, the magnitude of which it is impossible to estimate from 
the data published, probably entered as the result of the relative 
incompleteness, for the purpose of such study, of the pellagra inci- 
dence data that is certain to arise unless cases are systematically and 
continuously sought for by personal canvass (see also criticism by 
Vedder, 1916, p. 152). Finally, some account should perhaps also 
be taken of their methods of statistical interpretation, best illustrated 
in connection with the analysis relating to the use of milk. Here, in 
considering the distribution of families according to the frequency of 
use of this food, they point out (S., G., and MacN., 1914c, p. 357) 
that the groups using milk "habitually, rarely, and never" were well 
represented, and that the percentage table (Table 82) suggests "that 
pellagra was, on the whole, somewhat less common in families using 
milk daily." 

The table they cite (Table 82) actually shows that the rate of inci- 
dence for those families using milk rarely (13.6 per cent) was 
practically identical with those using it daily (13.5 per cent), and 
was therefore much lower than those using it habitually (22.5 per 
cent), the rate for the latter group being but little below that for the 
group using it never. This would seem to indicate that if the table 
under discussion suggests anything, it suggests that pellagra was, on 
the whole, somewhat less common in families using milk daily and 
rarely than in those using it habitually, etc., a paradox which 
would seem to point quite clearly to the need of extreme reserve in 
attaching significance to such indications if, indeed, any significance 
whatever can be attached to them. 

A consideration of the relation of pellagra to diet was included in 
a study by Jobling and Petersen (1916 and 1917) of the epidemiology 
of the disease in Nashville, Tenn., during 1915 and 1916. During 
the first year's work, which was commenced August 1, 1915, "inquir- 
ies were made of the patients and of their friends as to whether there 
had been any definite change in the general character of food con- 
sumed during the two years previous to the onset of the disease, and 
whether there had been times during this period when they had not 
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had sufficient food". Of 320 white people, 14.4 per cent, and of 101 
colored, 11.8 per cent are reported to have stated that there had been 
times during the two years preceding their first attack when they had 
not had sufficient food. These statements, it is pointed out, had 
reference to a deficiency of all foods, not of any particular constituent. 
In only five instances, they report, were they able to obtain informa- 
tion that there had been a definite change in diet for the worse during 
the two years previous to the onset of the disease. In the remaining 
instance the patients and their friends are reported to have asserted 
that the food consumed had been the same or better in both quality 
and quantity than they had been accustomed to previously. 

With reference to protein, Jobling and Petersen state that of the 
421 patients considered, 66.8 per cent gave histories which indicated 
that they had been getting considerably more than 40 grams a day. 
They refer to the possibility that the deficiency in protein may be in 
quality, not in quantity. This, they state, was possible in certain 
cases; but in the majority of the patients they considered the diet 
sufficiently varied to make it improbable. 

In discussing the results of their study they state that " the inhabi- 
tants of the South consume excessive amounts of carbohydrates, and 
fats," but no data on which this statement is founded are presented. 
In considering the theory of a vitamine deficiency advanced by Funk, 
and his suggestion that the disease might be prevented by the addi- 
tion of vitamine-containing substances, such as potatoes, milk, butter, 
fruit, etc., they state that people in their section eat a great deal of 
potatoes, fruits, and other green foods, both cooked and raw, during the 
spring and summer. "It seems strange," they remark, " if this theory 
is correct, that pellagra should be rare in winter when green foods are 
scarce, and so frequent in the spring and summer when green foods 
and fruits are plentiful and cheap." It is evident that these workers 
have overlooked the significance of the strikingly similar seasonal 
behavior of endemic scurvy in relation to the availability of green 
foods and fruits — known preventives of the disease. 

In weighing the significance of this study it will be noted (1) that 
the dietary data are of a most general character, and (2) that, seem- 
ingly, it is the judgment of the pellagrin, or that of his family, with 
respect to the pellagrin's diet, that constitutes the basic data, rather 
than quantitative statements or actual records of food supplies or 
of food consumption for a specific period or season of the year. 

The second year's study was an amplification of the first. Appar- 
ently the method of inquiry of the patient or of his family with 
respect to the pellagrin's diet was continued. In the second year's 
study it is stated that the pellagrins fell into two groups: One with 
active symptoms, acute skin changes, etc., "and one with chronic 
symptoms, in which the characteristic atrophy of the skin of the 
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hands or feet, with occasional diarrhea, or in which evidence of de- 
generative changes in the central nervous system are apparent, cases 
in which the disease process is more or less quiescent." In a certain 
number of cases, constituting in effect a third group, this information, 
it is stated, was not clearly obtained. Of the white cases, 42 per 
cent of the males and 33 per cent of the females are reported to have 
had active lesions, and 47 per cent of the males and 60 per cent of 
the females were classed as "more or less quiescent" cases. Their 
examiners, "from questions and observations, reported that a defi- 
ciency in quantity probably existed in 15 per cent of the whites and 
in 28 per cent of the colored cases." Of 576 white pellagrins "90 per 
cent positively denied any deterioration in either the quantity or 
quality of the diet in the years immediately preceding the first attack 
(which seemingly may have been several years before the date of the 
survey), and only 18 per cent of the colored cases had changed their 
diet in a manner that would indicate a lowering of its value." 

Furthermore, "in order to obtain an accurate idea of the balancing 
of the diet" statements were obtained "as to the variety of the foods 
consumed, their quantity, and an average daily menu." " In this way" 
they are able, they state, "to approximate in a fairly satisfactory 
way the food value and the quality." How the quantity of the food 
consumed was actually determined is not described, but would seem 
to have been by the simple statement of the patient or of a member 
of the family. What period this statement of food consumption 
covered or the average daily menu represented, is likewise not en- 
tirely clear; presumably it was either (1) for "the years immediately 
preceding the first attack" (which, in some instances, must have 
been several years anterior to the date of the survey), or (2) for the 
current period at the time of the survey. In either event the as- 
sumption of accuracy in such data would imply, in view of Grimm's 
experience, unusual powers of observation and surprisingly good mem- 
ories in these people; furthermore, if these were statements of cur- 
rent consumption, approximately 50 per cent of the menus were those 
of "more or less quiescent" cases — cases, that is, that from the point 
of view of diet may be considered as possibly subsisting on a diet 
favoring convalescence or recovery from the disease (see also p. 661). 

A classification of pellagrins on the basis of certain diets designated 
as high, medium, and low protein, and one on the basis of "partaking 
regularly" of certain protein foods, namely, eggs, meat, milk, and 
legumes, are given. No definition of the phrase, "partaking regu- 
larly" is presented. From the chart in which the latter analyses are 
presented it would seem that between 40 and 50 per cent of the white 
female pellagrins and between about 25 and 45 per cent of the white 
male pellagrins claimed to have partaken regularly of milk. Of 
meat, apparently some 40 to 50 per cent of white female pellagrins 
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and some 40 to 60 per cent of the white male pellagrins claimed to 
have partaken regularly; while of the colored pellagrins some 35 to 
65 per cent of the females and 50* to 70 per cent of the males claimed 
to have partaken regularly of this food. 

In estimating the significance of the reported results of this study, 
note will be taken of the facts (1) that the data are of a very general 
character, apparently uncontrolled statements of patients or friends 
covering an undefined period of the "years" immediately preceding 
the first attack, which itself may have occurred several years before 
the date of the survey, and (2) that the statements of the quantity 
of the foods consumed appear to have been made from memory by 
the patient or member of the family represented, and it would seem, 
represented either an undefined period preceding the first attack (in 
some instances, a year or more anterior to the date of the survey) or 
an undefined current period at the time of the survey; in the latter 
event approximately 50 per cent of the menus would represent the 
diet of more or less quiescent (conceivably convalescent or recovered) 
cases. 

In closing our review of these interesting studies it may be worth 
noting that in all of them the primary purpose seems to have been 
the discovery of the cause of the disease; in contrast, our own 
investigations have, from the outset in the spring of 1914, had as their 
immediate objective the determination of some method of preven- 
tion and control. Such light as we have been able to throw on the 
question of etiology has been, in the main, incidental. This mode of 
attack appeared to us preferable because of a number of considera- 
tions, chief among which were (1) the lack of conclusiveness of all 
previous studies and (2) the promise of practically very valuable re- 
sults by an indirect mode of attack, suggested by the many striking 
epidemiologic analogies to endemic scurvy and beriberi for which, it 
will be recalled, methods of preventio2i and control were developed 
long before their etiology was determined. 

III. PLAN AND METHODS OF PRESENT STUDY. 

In planning the study, with one phase of which the present com- 
munication deals, it was our purpose to make as accurate observa- 
tions as possible relating to the diet, the economic conditions, and 
the sanitary environment of a population in which pellagra was 
endemic, and to correlate the results with the incidence of the dis- 
ease in this population. In such study, account must be taken of 
many factors which might seriously influence the character of the 
results. The importance of such factors as racial customs and hab- 
its in affecting diet, and season and locality in affecting food avail- 
ability, is readily appreciated. 

More elusive, yet of equal fundamental importance, is the character 
of the etiological conception of the disease, the relations of which it is 



659 March 19, 1920. 

proposed to study. Thus, vital differences of method are involved 
in the study of certain important correlations according as to whether 
the disease is conceived of as of microbial (infectious) or of dietary 
origin, and as to whether it is conceived of as a disease, the periodic 
exacerbations or recurrences of which are or are not due to periodi- 
cally repeated externally acting causes. 

Accordingly, as will appear, in planning our study and in selecting 
methods of analyzing our data, we sought, as far as possible, to 
eliminate or minimize the effect of disturbing or confusing factors. 
In spite of this, however, the indications afforded by our data must 
bo interpreted with caution. 

Locality. — Seven cotton-mill villages situated in the northwestern 
part of South Carolina were selected for study. Four (At., In., Sn., 
and Wy.) are in Spartanburg County, two (8a. and Ny.) in Oconee 
County, and one (Re.) in Chester County. In selecting these locali- 
ties we were influenced, in some measure, by the fact that they had 
previously been studied more or less intensively by the Thompson- 
McFadden Commission, with whose results we thought our own 
would therefore be more directly comparable than if our work were 
done elsewhere. A further consideration was that all these places 
were readily reached from the city of Spartanburg where the United 
States Public Health Service had already established a hospital and 
laboratory for the clinical and biochemical study of pellagra. 

Population. — The selected villages, quite typical of such communi- 
ties, were of about average size; none had over 800 or less than 500 
inhabitants. Each constituted a distinct, more or less isolated 
community, surrounding or immediately adjacent to cotton-cloth 
manufacturing plants, and each was composed practically exclusively 
of the mill employees and their families. With the exception of a few 
negro families which were not considered, all were white, and, with 
hardly a single exception, of Anglo-Saxon stock, born in this country 
of American-born parents. 

The families of the mill officials, store managers, and negro employ- 
ees were not considered- The exclusion of these families had the 
drawback of correspondingly reducing the total number of families 
available for study. The number thus excluded, however, was 
relatively small, and thus unimportant. It had the compensating 
advantage of leaving for study a group exceptionally homogeneous 
with respect to racial stock, dietary custom, and also, we thought, 
to economic status. Subsequent experience, however, has shown that 
this last premise was not entirely justified. 1 



■As compared with certain other classes of the general population, all of the mill-workers' families in 
the seven villages studied were on a distinctly low economic level; in this sense, therefore, they may be 
considered homogeneous with respect to economic status. Among them, however, and thus within their 
own range of income, quite marked differences in economic status were found to exist. These differences, 
considered in relation to differences in food supplies and in pellagra incidence, will be presented in a later 
paper. 

165786°— 20 2 
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Pellagra incidence. — For the study of the relation of household diet 
to pellagra, it is of fundamental importance to determine as com- 
pletely as possible the household incidence of the disease. In order 
to supply this vital need we adopted the expedient of a house-to- 
house canvass. The search for cases was begun about the middle of 
April, 1916, and carried on by one of us (G. A. W.) every two weeks 
to the end of that year. So far as we are aware, this is the first time 
that this expedient has been applied systematically and continuously 
on so large a scale and over so long a period to the study of this 
disease. 

At each canvass every family was visited and an effort was made 
to see and question all individuals in or about the house. At first 
considerable reluctance was displayed by some of the people in 
speaking of any condition which they believed or suspected to be 
pellagrous; but, as we became better known to the village people, this 
reserve in large measure disappeared, so that from time to time cases 
were brought to our attention which might otherwise have escaped us. 

In order to see as many as possible of those at work in the mill 
(i. e., not at home at the time of the canvass), the time of the canvass 
was so varied as to utilize more or less of the lunch hour and Saturday 
half-holidays in different villages and in different sections of the same 
village in rotation. At each visit inquiries were made as to the 
health of absent members of the household and as to the existence 
of any suspicious illness or condition in the village, particularly in 
members of neighboring households. Reports regarded as sug- 
gestive were investigated; at times trips to the mill were made for 
this purpose. 

Information with respect to the occurrence of cases of pellagra was 
also sought from local physicians. Although we believe we enjoyed 
the full cooperation of the local medical profession, the number of 
cases coming to our attention in this way formed a very small pro- 
portion of the total recorded by us. This is interesting as indicating 
that but a small percentage of cases occurring in any season come 
to the attention of a physician. 

Criteria of pellagra. — Only patients with a clearly denned, bilater- 
ally-symmetrical dermatitis were recorded as having pellagra. In 
the course of the canvass, cases with manifestations more or less sug- 
gestive of the disease were encountered from time to time but, in the 
absence of a clearly marked bilaterally-symmetrical eruption, were 
recorded at most as "suspects" and are excluded from present 
consideration. We think it important to invite attention to what, 
for the purpose of this study, constituted pellagra. The criterion 
adopted is in harmony with conventional clinical requirements; but 
we believe that it operated to exclude some cases without or with only 
poorly defined eruption that might properly have been included. 
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Practically, this was of importance only with respect to those instances 
that escaped notation as "suspects." Households of which such indi- 
viduals were members, unless they also included "suspects" or cases 
with eruption, would, as a consequence, appear in our records as non- 
pellagrous and thus in some degree constitute a disturbing element 
in the study of the diet of this class of households. 

The classification adopted is not without importance in another 
connection. We (J. G. and G. A. W.) have been increasingly 
impressed by the suspicion that, as conventionally defined, pellagra 
probably includes at least two commonly related (what for want of a 
better term may be designated as) syndromes; namely, (1) the 
syndrome that is comprehended by the phrase "pellagra sine pel- 
lagra," and (2) the dermatitis, or pellagra without or with only very 
slight other manifestations. According to this idea both syndromes 
are dependent primarily on a faulty diet; but the factor, complex of 
factors, or balance (whatever it may prove to be) constituting the 
fault responsible for one is essentially distinct though probably very 
closely related to that responsible for the other. 1 The chief basis 
for this suspicion is the fact, many times observed by clinicians, that, 
on the one hand, the syndrome without eruption frequently occurs 
and recurs and, each season, may persist for months without recogniz- 
able eruption, and, on the other, that the eruption frequently occurs 
without or with only very slight other manifestations. The major 
portion of all of our cases belongs in this latter class. 

In relating pellagra incidence to dietary conditions all active cases 
were considered without regard as to whether they were first or 
recurrent attacks. So-called inactive or quiescent cases — that is, 
individuals who had had the disease in a previous year, but during 
1916 presented no eruption or evidence sufficient to be classed as 
"suspects" — were placed in the group of nonpellagrins. For if it is 
conceived that diet plays a role in pellagra in some sense analogous 
to that played by it in scurvy or in beriberi, then it must be recog- 
nized that the assumption of "once a pellagrin always a pellagrin," 
implied by considering "inactive" cases as pellagra, may be as 
erroneous as would be a similar conception in relation to beriberi or 
scurvy. In other words, the freedom from recurrence in pellagra 
must be recognized as possibly due to the same cause as that responsi- 
ble for the like phenomenon in beriberi or in scurvy, namely, a 
change in diet. It follows, therefore, that to attempt to relate the 
diet of the household of such an individual to pellagra, as would, in 
effect, be done if quiescent were classed with active cases, carries 
with it possibilities of error and confusion such as would arise if we 

1 Ofinterest in this connection is the suggestion advanced by Goldberger and Wheeler (1920) that the site 
Of the initial skin lesion in pellagra is bound up with a specific quality of the diet and that the 1 atter differs 
in some essential detail with differences in localization of the initial dermatitis. 
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were to attempt to associate with hcriberi or scurvy the diet of one 
who once had had one or other of these diseases but who now pre- 
sented but residuals, stigmata, or sequelae of such attack. 

Onset of attack. — The date of the appearance of the eruption was 
assumed to mark the onset of the attack. This date could be fixed 
fairly accurately in most adults, but was frequently rather difficult 
of determination in children, for it often happened that in them the 
existence of an eruption was not recognized until attention was 
called to it in the course of the canvass. In such instances the date 
could frequently be placed as within the period of the immediately 
preceding two weeks by the fact of the absence of the eruption at the 
date of the preceding examination ; or, in the event of the individual 
not having been seen at the immediately preceding visit, the date 
could, as a rule, be placed as falling within the preceding four w eeks. 
A definite date, however, so far as possible, was always assigned, even 
in such instances. In selecting it the appearance and stage of the 
eruption, with such other circumstances as the history of the case 
might bring out, were used as a guide. In general it may be said that 
in the vast majority of our cases the date of "onset" is probably 
correct within less than a week, and in practically all cases it may be 
said that the eruption appeared "not later than" this date. It is 
possible that some of the cases recorded as occurring late in the year 
were really relapses, the eruption in the early part of the year having 
escaped our observation. 

It is recognized that in assuming that the appearance of the erup- 
tion marks the onset of the attack of pellagra a certain error is 
involved. In many of our cases a definite history of symptoms ante- 
dating the eruption was obtained; in much the greater proportion, 
however (children for the most part), such history either could not 
be elicited or it was so vague as to be of no value in fixing the date 
of onset. In the latter event the assumption that the first appearance 
of the eruption marks the onset of the disease was, therefore, practi- 
cally unavoidable. For the sake of uniformity and in order to 
eliminate any possible bias, this rule was adopted and applied in all 
cases. It follows, therefore, that our ''date of onset" should be 
interpreted as indicating that the attack began "not later than" 
that date. 

Assignment of cases to lumseholds. — As a considerable proportion of 
the population of any mill village is of a transient character, and as 
much of the pellagra occurs in this class, some rule was necessary for 
assigning cases to households and villages. 

From the point of view that diet is the primary controlling factor 
in the causation of the disease, it may be assumed that a minimum 
of several months is required in a previously normal person before 
the disease manifests itself in recognizable form. During such a 
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period an individual (boarder) may have lived in a number of house- 
holds in succession in the same or different villages, the diet in all of 
which may have been equally contributory to the eventual develop- 
ment of the disease. On the other hand it is conceivable that, at 
the time of the development of the dermatitis, the individual may be 
living in a household the diet of which is not or is no longer 
pellagra producing, i. e., a diet which is not responsible for the 
attack, and wbich indeed, given a sufficient time, may favor recovery 
from the attack. 

Our studies had taught us that in the average case very definite 
clinical improvement may be observed after about 10 days or 2 
weeks on an appropriate diet. It seemed to us reasonable to assume, 
therefore, that, in most cases at least, the progress of an incipient 
case to full development (of the eruption) would be halted and the 
dermatitis prevented from appearing after, say, 30 days of a suitable 
diet and, as a corollary, that the fact of a case developing might be 
interpreted as indicating that the diet during at least the earlier 
part of the immediately preceding period of 30 days had been of a 
relatively poor quality and might be studied in relation to the disease 
as a pellagra-producing diet. 1 Accordingly a case was assigned to a 
household only if the individual had been a member of that household 
for not less than 30 days immediately preceding the beginning of the 
attack. In practically all instances, however, the pellagrins had 
been members of their respective households all their lives and may 
be assumed to have been living under the conditions of the same 
household, so far as diet was concerned, during the entire spring of 
1916 or longer. 

Season. — In order that dietary data may properly be related to 
pellagra incidence, it is clearly necessary, that they be representative 
of the season immediately anterior to the greatest incidence of the 
disease; that is, the season when, more than at any other time, the 
diet, if it has any relation to the incidence of the disease, may be 
expected to be distinctively pallegra producing, just as it may rea- 
sonably be expected that the diet at the season immediately anterior 
to and coincident with the rapid decline in incidence and the clinical 
improvement of active cases, is distinctively pellagra preventing. 
Curiously enough, in no previous study of which we have knowledge 
has this vitally important seasonal factor been given due recognition, 
and we venture to suggest this, along with the very general char- 
acter of the data and the inclusion of "inactive" or "quiescent" 
cases, as among the most important contributing elements in 
the failure of previous American workers to discover any definite 

i We have here a source of possible confusion and error in that it is conceivable (indeed probable) that a 
diet Just sufficient for maintenance may still be somewhat lacking in that which is necessary to prevent 
the progress of an incipient case (especially when well along in its development) to a confirmed attack. 
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significant relationship between diet and the incidence of the 
disease. 1 

Such statistics of pellagra morbidity as were available indicated 
that the height of the seasonal curve of pellagra incidence in the 
southern States began in the late spring and reached its peak in June. 
In accordance with the principle enunciated in the preceding para- 
graph, it seemed permissible to assume that the distinctively pellagra- 
producing dietary season began sometime in the late winter or early 
spring and continued up to or possibly somewhat into June. The 
period actually selected for which dietary observations were made by 
us extended from April 16 to June 15. Cooperating to fix the limits 
of this period was the circumstance that we found it impracticable 
to organize and begin the collection of dietary data sooner than 
April 16, nor could the available personnel complete the collection of 
the desired data before June 15. The accompanying graph (Fig. 1) 
shows the relative position of this period with respect to the monthly 
incidence of pellagra as subsequently actually found in the seven 
villages studied in 1916. 

It will be seen that the selected period coincides with the steepest 
portion of the up-curve of pellagra incidence. It may be noted also 
that the incidence of the disease dropped very sharply in July, sug- 
gesting that the diet of an increasing number of families may be 
regarded as having been pellagra preventing for some time during 
the month of June. The possibility must, therefore, be kept in mind 
that the portion of the selected period extending into June may no 
longer have been fully representative of the pellagra-producing 
dietary season. 

Dietary data. — Our data with respect to diet relate to households 
and do not indicate any difference that might have existed, and in 
all probability did exist, in the diets of the individual members. The 
ideal procedure, it might seem, would be to secure a record of indi- 
vidual consumption. This has been the procedure frequently adopted 
in previous studies. The practical difficulty, however, of securing an 
accurate statement of individual consumption from a sufficiently 
large number of individuals for a period sufficiently long to be fairly 
representative of the pellagra-producing dietary period seemed to us 
so great as to preclude its adoption. Of necessity, therefore, we 
adopted the household as the uriit, assuming that with a knowledge 
of the diet of a considerable number of them the outstanding char- 
acteristics of the diet of groups of households would be suggested, 
m a general way at least, when classified according to the occurrence 
or nonoccurrence of pellagra, economic status, or other basis. 

1 In the study of the individual ease tins seasonal factor in relation to that individual attack is all too 
commonly overlooked. In relating the diet of the individual to a particular attack, attention should 
primarily be given to the diet of the period of two or three months immediately preceding the onset of 
the attack. 
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As it was manifestly impracticable to secure a record of the com- 
plete food supply of each household for the entire period selected as 
the pellagra-producing season, it was necessary to content ourselves 
with a record for such portions of the selected period as might 
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properly be assumed to be fairly representative of the whole, and for 
which an accurate record would be practicable. For these reasons 
and because nearly all of the households purchased the great bulk of 
their food supplies at semimonthly or more frequent intervals, a 
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15-day sample or cross-section period for which a record of the diet 
of each household was to be secured was decided upon as meeting 
the exigencies of the situation. 

Information with respect to diet was secured by arranging with 
the principal stores at which the families dealt, for a record to be 
kept for us of every purchase of food by mill workers and members 
of mill workers' households during a specified 15-day period. Imme- 
diately at the close of such period trained enumerators, under the 
immediate direction and supervision of one of us (E. S.), were sent 
to the village to ascertain the composition of each household with 
respect to the age and sex of the individuals included during the 
period, to secure information relative to the economic status of the 
family, and to determine the quantity and value of the articles of 
food obtained from sources other than the stores where purchase 
records were secured. Such articles included those produced at home 
or given to the household, those .purchased from neighbors, from 
farmers and hucksters, and from all other sources. With the excep- 
tion of fresh milk and, to some extent, butter, eggs, and fresh meats, 
very few of the articles of food came from sources other than the 
stores. The great majority of the households dealt almost altogether 
at the stores at which purchase records were kept. 

As it was not feasible with the limited personnel available to cover 
all seven villages in the same 15-day period, the record of the food 
supply was secured in successive periods, as follows: For village Sa., 
April 16-30; villages At. and Sri., May 1-15; villages Ny. and In., 
May 16-30; and villages, Be. and Wy., June 1-15. 

With rare exceptions such information as it was necessary to obtain 
from the households was given willingly and frankly by the infor- 
mants. Care was taken to secure the information from the house- 
wife or other responsible member. The simple household economy 
prevailing in the households aided the enumerator in securing replies 
to the definite queries made, which gave very distinct impressions 
of accuracy in all except a comparatively few instances. The ques- 
tionnaires or schedules, as soon as they were filled out and completed 
from the purchase records, were scrutinized carefully, and missing 
data, apparent inconsistencies, and indefinite entries were in all 
cases rectified as far as possible by further visits to the households 
within a few days. All completed schedules on which the data 
for any reason appeared to be of doubtful accuracy were discarded. 
Thus, where the informant was uncertain as to the amount of an 
article or articles of food, or where it appeared that the informant 
was unable to make accurate statements, the condition was noted 
by the enumerator and the schedule for the household discarded. 
Likewise, a schedule for which the store record was for some reason 
incomplete would be discarded. In a few instances where the data 
were incomplete or indefinite in relation to one or two articles of food, 
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the schedule was utilized for the other items. In general, howover, 
the practice was to selcot for final consideration only those completed 
schedules which appeared to be reasonably accurate from every 
point of view. 

As has been stated, our dietary data are assumed to be samples of 
the food supply of the pellagra-producing season, so that the limita- 
tions upon the representativeness of samples in general apply in a 
measure to these data. The principal limitation lies, of course, in 
the fact that the record of the use of a given article of food during 
the 15-day period may not be fairly representative of its use during 
the entire season of which the 15 days' record is assumed to be a 
sample. The importance of this limitation is greatly minimized, 
howover, for several reasons. One is that the food supply of the 
population studied was made up largely of a few principal articles 
of food which were purchased regularly and by practically every 
household. These staple foods constituted what may be termed the 
"basic" portion of the diet of all or nearly all households. Other 
foods entered into their diet as variables, appearing in the diet of 
some households and not at all or in much less degree in others. It 
is with respect to these foods that the "sampling" method might have 
proved inadequate; but certain conditions existed which, we believe, 
largely eliminated the possibility of serious error. 

The most important of these variable foods were milk, meat, fruit, 
and vegetables. Milk appeared in the food supply of a household 
either regularly or hardly at all for the reason that being almost 
altogether home-produced or purchased from a cow-owning neighbor 
the supply within certain limits was fairly constant for the milk- 
consuming households. Meat, particularly fresh meat, was used at 
fairly regular, though in different households at varying, intervals 
during the season when available. With respect to fruit and fresh 
vegetables it is to be noted that practically the total supply of these 
was purchased from stores, the period being too early for home- 
produced foods from the summer gardens and the spring gardens 
yielding but small quantities of onions, lettuce, and greens, and these 
for only a minoi'ity of the households. 

The statement of the average quantity of the foods constituting 
the household supply seems to us therefore to be fairly representa- 
tive of the importance (quantitatively) of the individual food at that 
season. 

Some irregularities in the data for households when considered 
without regard to locality necessarily were caused by the gradual 
change in the availability of certain foods during the two months 
from April 16-June 15. For example, in the households surveyed for 
the period June 1-June 15, fresh vegetables were a more important 
article of diet than in the households surveyed for the period April 
16-30. The contrary was true of eggs, the supply of these becoming 
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smaller and their prices increasing in the latter part of May and in 
June. 

It is to be emphasized that our dietary data are not records of 
consumption but, rather, records of household food supply for a 
15-day sample period. Since, however, but few of the households 
purchased in quantities large enough to constitute a supply for more 
than a 15-day period, the data, for practical purposes, may be con- 
sidered as records of consumption plus refuse and waste. The excep- 
tional households were usually the small ones, and the articles 
purchased in quantities larger than the ordinary were staples, prin- 
cipally flour and cornmeal and occasionally lard and sirup. This 
should be held in mind, for, although we attempted to minimize 
irregularities from this source by using averages of as large groups 
as possible as a basis for comparison, it is probable that in some 
instances they have not altogether been eliminated. 

In the computation of these data, the supply of any article or 
group of articles of food obtained by a household or group of house- 
holds has been expressed in quantity per adult male unit, the Atwater 
(Atwater, 1915, p. 33) scale of food requirements for the sexes at 
different ages being used for the purpose. The factors selected were 
on the basis of adults "at moderately active muscular work." 1 

The results of recent studies suggest that some modifications of 
this scale should be made, particularly with respect to males be- 
tween the ages of 12 and 16. Such modifications, however, would 
not have affected materially the results presented in this report 
except that because of the age distribution of the population in the 
various groups of households considered, the tendency of the modifica- 
tions would have been to make the contrasts between the groups 
somewhat more sharp. Such contrasts as our analyses bring out 
are, therefore, all the more significant. 

In analyzing our data our aim has been to ascertain (1) such out- 
standing differences as might exist between the diets of households 
in which no pellegra was observed and the diets of those in which 
one or more cases occurred, and (2) to test the significance of the 
differences thus found by determining the variation, if any, in pellegra 
incidence among households having varying supplies of certain single 
foods and groups of foods. 



1 The following was the scale used: 


Age. 


Equivalent "adult 
male units." 


Age. 


Equivalent "adult 
male units." 




Male. 


Female. 


Male. 


Female. 


Adult (over 16) 


'1 
.80 
.70 


0.80 
.80 
.70 
.60 


10-11 


0.60 
.50 
.40 

.30 


0.60 


1546 


6-9 


.50 


13-14 


2-5 


.40 


12 . 


Under 2 


.30 
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IV. COMPARISON OP DIETS. 

(a) Nonpellagrous versus -pellagrous houselwlds. — With the view of 
ascertaining in what respect, if any, the diet of households in which 
no pellagra was observed differed from that of households in which 
one or more cases of the disease occurred, we began with a general 
comparison of the average diet of the nonpellagrous with that of the 
pellagrous households of the villages studied. This is presented in 
Table I. 1 

Table I. — Approximate average daily supply of various foods during a 15-day period, 
betv.eenApr. 16 and June 15, 1916, compared for nonpellagrous howcholds ana house- 
holdsin which pellagra occurred during the year 1916 %n 7 cotton-mill villages of South 
Carolina. 



Article of food. 



Meats: 

Fresh 

Oared (lean) 

Canned 

Eggs 

Mift: 

Fresh 

Preserved 

Butter 

ehocse 

Pork (salt) 

Lard and lard substitutes' 

Peas and beans: 

Dried 

Canned - 

Wheat flour 

Wheat bread, cakes, and crackers 

Cora meal 

Grits 

Corn (canned) 

Rice 

String beans: 

G reen 

Canned 

Other vegetables: 

Green 

Canned 

Fruits: 

Fresh 

Dried 

Canned 

Potatoes: 

Irish 

Sweet (fresh) 

Sweet (canned) 

Sugar 

Sirup 

Jellies and jams 

All other foods (cost in cents) 



Avcrago s 


imply per 




adult m: 


le unit in 




grams pc 


' day. 


Ratio of 
simply of 






pellagrous 






Households 


Households 


to non- 
pellagrous 
households. 


not affected 
with 


affected 
with 


pellagra. 2 


pellagra.' 




26.7 


15. 2 


0.5.7 


23.4 


16.3 


.70 


14.2 


14.2 


1.00 


43.5 


•10.2 


.92 


517.6 


223.5 


.43 


2.9 


1.5 


.52 


31.7 


22.3 


.70 


2.5 


.5 


.20 


51.0 


64.0 


*$ 


48.0 


41.7 


32.0 


34.4 


1.07 


5.0 


1.7 


.34 


420.4 


363.6 


■8 


14.2 


12.4 


152. S 


158.8 


1.04 


5.3 


11.2 


2.11 


0.1 


10.4 


t» 


5.2 


4.1 


.77 


12.3 


4.1 


.33 


5.1 


2.0 


.39 


51.0 


42.3 


« 


36.2 


31.7 


.88 


29.7 


18.0 


.61 


9.6 


6.2 


.65 


iag 


16.6 


.88 


71.9 


99.3 


1.38 


5.9 


2.8 


.47 


0. 3 


2.3 


.42 


47.1 


35.3 


■8 


18.5 


18.4 


. 7.7 


9.9 


1.2§ 


3.6 


3.1 


.86 



1 Ail explanation of the articles and groups of articles of food in this and succeeding tables is presented 
in the Appendix. 

a 692 households composed of 2,769.3 adult male units. Data were available for the following number 
of adult male units for the articles of food specified: Fresh meats, 2,760.2: canned meats, 2,771.8; fresh milk, 
2,694.2; butter, 2,775.3; Irish and fresh sweet potatoes, 2,764.7; salt pork, 2,742.6; lard, 2,765.1; green vege- 
tables, 2,764.9; dried fruits, 2,756.0; canned fruits, 2,760.1. 

3 51 households composed of 288.9 adult male units. Data were available for the following number of 
adult male units for the articles of food specified: Canned meats, 286.4; fresh milk, 256.7; butter, 274.2. 

* Exclusive of canned string beans. 
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A glance at this table at once discloses decidedly suggestive differ- 
ences in the food supply of the two groups of households, the average 
supply of most articles of food being decidedly lower in the diet of 
the pellagrous households than in that of the nonpellagrous. The 
significance of these differences is obscured and the value of this 
general comparison is materially affected by certain circumstances, 
not previously considered, relating to the character of the data pre- 
sented in the foregoing table. Thus, some households for which we 
secured food records moved away soon thereafter and so passed from 
observation. Such might appear to have been free from pellagra, 
when, in reality, one or more cases may have developed shortly after 
passing from observation. This, obviously, might also be true of 
individual members of those households that remained under obser- 
vation. The moving of individual members of households was very 
slight in the case of boarders who were not members of the families. 
The fact, however, that among boarders who remained, as well as 
among the members of families which had boarders (not members of 
families) and which had an income from this source, practically no 
pellagra occurred, would appear to reduce this possible element of 
error in pellagra incidence to a negligible quantity. 

Again, by restricting the diagnosis of pellagra to cases presenting a 
definite eruption, cases with poorly defined eruption, and cases clini- 
cally pellagra but without eruption were, as previously stated, not in- 
cluded as such, but, when noted, were designated simply as "sus- 
pects" so that some of the households appearing in our records as 
nonpellagrous should perhaps more truly have been classed as pella- 
grous. Another element of error which, like the preceding, would 
lead to the inclusion of some, probably rery few, households as non- 
pellagrous, that were in reality pellagrous, arises from the fact that 
some few cases may have been, and probably were, unavoidably missed. 

Finally, and perhaps most important of all, there is to be noted the 
circumstance that in a few of the households classed as pellagrous the 
pellagra occurred later in the year, that is, at a considerable time after 
the "sample" period. In these it is manifestly possible that the diet 
records were not representative of the conditions in the period imme- 
diately preceding the onset of the attack. Accordingly, in order to 
minimize these possible sources of error we have included in the 
comparisons about to be presented only those nonpellagrous house- 
holds which continued under observation from April 15 to October 1, 
1916, and in which no one with suspicious symptoms was observed, and 
only those pellagrous households in which one or more cases of 
pellagra with clearly defined, bilaterally symmetrical dermatitis 
occurred before August 1, 1916. 

(b) Nonpellagrous households of highest income versus pellagrous 
households, each with at least two eases. — In order to bring out possibly 
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significant differences in the diets of nonpellagrous and those of 
pellagrous households as definitely as possible, not only must the 
various possible sources of error affecting the data be eliminated, or 
at least minimized, but so far as may be, the diets to be compared 
should be those of households of as markedly contrasting pellagra 
incidence as the available data afford. With this in mind, the com- 
parison that next suggested itself was that between the food supply 
of nonpellagrous households of the highest income class and that of 
pellagrous households in each of which at least two cases of the disease 
were observed. 

By restricting the group of nonpellagrous households in this com- 
parison to those of the highest income not only have we a group in 
which no pellagra was actually observed, but it is also one in which, 
by reason of the economic factor, the chance of the occurrence of the 
disease in the first place may be considered to have been relatively at 
a minimum. It is a group, therefore, that actually is more nearly free 
from pellagra, or the chance of its occurrence, than any other in- 
cluded in our study, and, accordingly, the diet of the group may be 
regarded as being more surely pellagra preventive, or having a wider 
margin of safety, than that of any other of our household groups. 

Similarly, by restricting the group of pellagrous households to those 
having at least two cases each, the possible error arising from consider- 
ing as associated with pellagra the diet of borderland households or 
that of a household in which a case developed as the result of indi- 
vidual dietary eccentricity is believed to be minimized, as the chance 
of two cases arising in a household under such circumstances may be 
regarded as negligible. The average food supply of this group of 
pellagrous households may therefore be regarded as more closely ap- 
proximating a pellagra-producing diet than that of any other of our 
groups. 

In comparing the food supplies of these two groups, then, we are 
comparing a sample of what may be regarded as a relatively highly 
preventive diet with a sample closely approximating a surely pellagra- 
producing one. The comparison is presented in Table II. By refer- 
ence to this table it will be seen that here, as in the general compari- 
son between the diet of all our nonpellagrous and that of all our 
pellagrous households, shown in Table I, the food supply of the non- 
pellagrous appears decidedly more liberal than that of the pellagrous 
households. 

In this connection it must be noted that while the nonpellagrous 
households in the present comparison are all of the highest income 
class (from $14 to about $20 per adult male unit per 15-day period), 
the pellagrous households all fall in the lower ranges of income — in 
fact, fully three-fourths of them belong in the lowest income class 
studied by us (less than $6 per adult male unit per 15-day period). 
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While, therefore, it may be, and, as we shall see, actually is the case, 
that the greater liberality in the food supply of the nonpellagrous 
households is (in some measure at least) significantly related to their 
freedom from pellagra, before this may bo properly assumed the 
influence of the marked difference in economic status of the house- 
holds of the two groups must be eliminated, for it may well be that the 
greater liberality in supply of the nonpellagrous groups is simply a 
reflection of their decidedly better economic status. 

Table II. — Approximate average daily supply of various foods during a 15-day period 
between Apr. 16 and June 15, 1916, compared for nonpellagrous households with highest 
incomes and households in which 2 or more cases of pellagra occurred during the period 
March- July, 1916, in seven cotton-mill villages of South Carolina. 



Arliclc of food. 



Meats: 

Fresh 

Cured (loan). 
Canned .. 



EpMfe 

Milk: 

Fresh 

Preserved 

Butter 

Cheese 

Pork (salt) 

Lard and lard substitutes 

Peas and beans: 

Dried 

Canned K 

Wheat flour 

Wheat bread, cakes, and crackers.. 

Corn meal 

Grits 

Corn (canned) 

Rice 

String beans: 

(Jroen 

Canned 

Other vegetables: 

Green 

Canned 

Fruits: 

Fresh 

Dried 

Canned 

Potatoes: 

Irish 

Sweet (Fresh) 

Sweet (Canned) 

Sugar ; 

Simp 

Jellies and jams 

All other foods (cost in cents) 



Avcrago supply per 




adult male unit, in 




grams per day. 








Ratio of 






simply of 






Higher- 




pellagrous 

to non- 
pellagrous 
households. 


income 

households 

not af- 


Households 

affected 

with 


fected with 


pellagra. 2 




pellagra. 1 






48.9 


1G.3 


0.33 


54.0 


8.1 


.15 


25.1 


15.7 


.63 


69.5 


31.1 


.45 


379.3 


126.9 


.33 


4.5 


1.8 


.40 


27.2 


11.2 


.41 


3.6 


.2 


.06 


38.0 


65.2 


1.69 


52.8 


34.7 


.66 


31.1 


31.1 


1.10 


ttl 


1.6 


.13 


445.4 


351.5 


.79 


18.1 


9.4 


.52 


127.1 


144.3 


1.14 


9.4 


5.2 


.55 


11.5 


6.3 


.55 


4.5 


5.5 


1.22 


31.7 


3.4 


.11 


9.1 


0.0 


.00 


90.6 


57.4 


.63 


56.2 


19.9 


.35 


42.3 


10.1 


.24 


9.7 


9.5 


.98 


37.4 


15.7 


.42 


48.9 


53.1 


1.00 


7.9 


3.9 


.49 


7.9 


3.1 


.39 


55.6 


32.0 


.58 


7.9 


22.6 


2.86 


10.9 


6.0 


.55 


1.7 


.9 


.53 



1 60 households composed of 209. 4 adult male units. 

2 22 households composed of 117.5 adult male units. 
» Exclusive of canned string beans. 



(c) Nonpellagrous households of lowest income versus pellagrous 
households, each with at least two cases. — In order to eliminate the in- 
fluence of the economic factor from consideration, the nonpellagrous 
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households must be of the same, or at least of no higher economic 
class than those of the pellagrous group, with the diet of which that 
of the former is to be compared. This requirement is believed to be 
fulfilled by comparing with the diet of those of our pellagrous house- 
holds in each of which at least two cases occurred, the diet of the 
nonpellagrous households of the lowest income class. For, as has 
already been pointed out, all of the households of the former group 
belong in our lower income classes — fully three-fourths, indeed, fall- 
ing in the lowest — the same class, that is, as that in which this non- 
pellagrous group belongs. The two groups may therefore be re- 
garded as rather close together economically, or, if anything, it is 
the pellagrous group that has a slight advantage. Consequently, 
any greater liberality in the food supply that the nonpellagrous may 
be found to have can not be attributed to a better income status. 

This comparison is presented in Table III, examination of which 
shows that here again, as in the preceding comparisons, the non- 
pellagrous appear to have a distinctly more liberal food supply than 
do the pellagrous households. 

In connection with a detailed examination of the differences sug- 
gested by this comparison it will, we believe, be helpful to consider 
also the average food supply of the pellagrous households of our 
lowest income class. This group differs from the group of pellagrous 
households with at least two cases each in this, that some of the 
former households have but one case, that is, possibly borderland 
households, and all of the group are in the lowest income class. It 
may be assumed, therefore, that the average food supply of this 
group does not represent quite as close an approximation to a 
pellagra-producing diet as that of the group in each household of 
which at least two cases of pellagra occurred. In other words, we 
expected to find that the diet of this group would bo somewhat less 
removed from that of the nonpellagrous households than was that of 
the pellagrous households each with at least two cases. The differ- 
ence actually found, however, was, as will be seen, rather slight. 
Accordingly, for purposes of further study we have brought together 
in Table iv the diet of these 3 groups and, in order to facilitate com- 
parison between them, also that of the nonpellagrous households of 
highest income. The diets of the pellagrous households here pre- 
sented are, so far as known by the authors, the first in the literature 
giving a detailed quantitative statement of the approximate average 
supply for a sample period of the season immediately anterior to or 
coincident with the sharp rise in the seasonal incidence of the disease. 

For the sake of simplicity of reference, the diets will be designated 
as No. 1, No. 2, No. 3, and No. 4, and the corresponding household 
groups will be similarly distinguished. Diets No. 1 and No. 2 are 
those of the nonpellagrous, No. 3 and No. 4 of the pellagrous house- 
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holds. Of- the diets of the nonpellagrous groups, No. 1 is that of 
households of the highest of our income classes, while No. 2 is that 
of households belonging to the lowest class. Of the diets of the pel- 
lagrous groups, No. 3 is that of households having one or more cases 
each, while diet No. 4 is that of households with a minimum of two 



Table III. — Approximate average daily supply of various foods during a 1,5-day period 
between Apr. 16 and June 15, 1916, compared for nonpellagrous households with lowest 
incomes and households in lohich 2 or more cases of pellagra occurred during the period 
March-July, 1916, in seven cotton-mill villages in South Carolina. 



Article ot food. 



Meats: 

Fresh 

Cured (lean). 

Canned 

Ekes 

Milk: 



Fresh 

Preserved. 



Hill tor. 

Cheese 

Pork (salt) 

Lard and substitutes 

Peas and beans: 

Dried 

Canned 3 

Wheat: 

Flour 

Bread, cakes, crackers . 
Corn meal 



Grits. 

Corn (canned) 

Rice 

String beans: 

Green 

Canned 

Other vegetables: 

Green 

Canned 

Fruits: 

b'resh 

Dried 

Canned 

Potatoes: 

Irish 

Sweet (fresh) 

Sweet (canned).. 

Sugar 

Sirup 

Jellies and jams 

All other foods 



Average supply 


per 


adult male unit, in 


grams per day. 






Pellagrous, 


Nonpella- 


multiple 


grous with 


eases 


, ma- 


lowest in- 


jpritj 
lowe 


with 


comes. 1 


st in- 




comes. 2 


19.9 




16.3 


11.8 




8.1 


10.6 




15.7 


38.9 




31.1 


554.0 




i2 n 


2.3 




30.2 




11.2 


2.0 




.2 


50.7 




65.2 


37.1 




34.7 


31.4 




34.1 


1.8 




1.6 


398.0 




351.5 


10.3 




9.4 


104.9 




144.3 


0.11 




5.2 


3.5 




6.3 


5.4 




5.5 


0.G 




3.4 


4.1 




0.0 


33.9 




57.4 


32.9 




19.9 


21.1 




10.1 


9.7 




9.5 


14.5 




15.7 


63.7 




53.1 


3.9 




3.9 


3.1 




3.1 


38.6 




32.0 


8.6 




22.6 


4.2 




6.0 


1.5 




.9 



Kat io ot 
supply of 
pellagrous 

to non- 
pellagrous 
households. 



0.82 
.69 

1.48 



.22 
.78 
.37 
.10 
1.27 
.94 

1.09 



.91 
.83 
.7(1 
1.73 
1.02 



.00 



1.70 
.01 



.48 
.98 
1.08 



l.Ofl 
1.00 

.83 
2.63 
1.43 

.73 



1 184 households composed of 730.7 adult male units. 

2 22 households composed of 117.5 adult male units. 

3 Exclusive of canned string beans. 

cases each. As has already been stated, economically the group 
with diet No. 3 is of the same low class as that with diet No, 2, and 
of the households constituting group No. 4 fully three-fourths are 
not only of the same class as are groups No. 2 and No. 3, but actually 
constitute part of Group No. 3. 
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An examination of Tables IV and V and the accompanying graph 
(Fig. 2) discloses the same gross differences in supply that have 
previously been referred to. The large number of single articles, 

Table IV. — Approximate average daily supply of various articles of food for groups of 
nonpellagrous and of pellagrous households in seven cotton-mill villages of 
South Carolina during a 15-day period bettceen Apr. 16 and June 15. 1916. 



Article of food. 



Meats: 

Fresh 

Cured (lean) 

Canned 

Mmc(iresh)V.;.";!;!!""!;!"!!!! 

Milk (preserved) 

Butter 

Cheese 

Pork (salt) 

Lard and lard substitutes 

Peas and beans: 

Dried 

Canned "■• 

Flour, wheat 

Wheat bread, cakes, and crackers 

Corn meal 

Grits 

Com (canned) 

Rice 

Beans (string): 

Green 

Canned 

Other vegetables: 

Green 

Canned 

Fruits: 

Fresh 

Dried 

Canned 

Potatoes: 

Irish 

Sweet (fresh) 

Sweet (canned) 

Sugar 

Sirup 

Jellies and jams 

All other foods (cost in cents) 



Average daily supply, in grams 
unit. 



per adult male 



Nonpella- 
grous 
households 
whose half 
month's 
income per 
adult male 
unit was 
$14 and 
over. 1 

(1) 



48.9 
54.0 
25.1 
09.5 
379.3 
4.5 
27.2 
3.0 
38.0 
52.8 

31.1 

12.1 

445.4 

18.1 

127.1 

9.4 

11.5 

4.5 

31.7 
9.1 

90.0 
50.2 

42.3 
9.7 

37.4 

48.9 
7.9 
7.9 

55.0 
7.9. 

10.9 
1.7 



Households whose 
half month's income 
per adult male unit 
was less than $6. 



Not af- 
fected with 
pellagra. 2 . 

(2) 



19.9 
11.8 
10.0 
38.9 
554.0 

2.3 
30.2 

2.0 
.50.7 
37. 1 

31.4 

1.8 

398.0 

10.3 

164.9 

0.6 

3.5 

5.4 

6.6 

4.1 

33.9 
32.9 

21.1 
9.7 

115 

03.7 
3.9 
3.1 

3S.0 
8.6 
4.2 
1.5 



Affected 
with pel- 
lagra. 3 

(3) 



9.4 
11.1 

17.5 
30.0 
187.2 
2.8 
10.0 
.2 
09.5 
32.0 

31.4 

3.3 

323.1 

13.1 

149.8 
3.3 
4.8 
4.2 

3.5 
1.3 

32.3 

27.8 

9.7 
9.7 

16.0 

71.0 

1.7 
1.4 
37.1 
15.1 
7.5 
1.2 



Households 
in which 
. at least 
2 eases 
ol pellagra 
occurred. 1 



(4) 



10.3 

8.1 

15.7 

31.1 

126.9 

1.8 

11.2 

.2 

65.2 

34.7 

34.1 

1.0 
351.5 

9.4 
144.3 

5.2 
0.3 
5.5 

3.4 
0.0 

57.4 
19.9 

10.1 
9.5 
15.7 

53. 1 
3.9 
3.1 
32.0 
22.6 
6.0 
.9 



1 60 households composed of 209.4 adult male units. 

2 184 households composed of 730.7 adult male units. Data were available for the following number of 
adult male units for the articles of food specified: Fresh milk, 713.1; green vegetables, 726.3; dried fruits, 
726.6. 

a 29 households composed of 134.6 adult male units. Data were available for only 117.1 adult male units 
with respect to fresh milk and butter. 

• 22 households composed of 117.5 adult male units. 

s Exclusive of canned string beans. 



many of them seemingly unimportant quantitatively, constituting 
the several diets, makes a determination in this manner of anything 
but very gross outstanding differences difficult or impossible. The 

16578G"— 20 — -3 
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difficulty is increased, moreover, by the use, seemingly, of increased 
quantities of one article in one diet in the place of a related one in 
another, as, for instance, the substitution of salt pork for lard and of 
sirup for sugar. 



Table V. — Relative average daily supply of various articles of food for groups ofnon- 
pellagrous and of pellagrous households in seven colton-mill villages of South Carolina 
during a 15-day period between Apr. 16 and June IS, 1916. 
[Sco also Tabic IV and Fig. 2.] 



Articles of food. 



Relative average daily supply per adult male. 

unit. 

[Base: Arithmetic average for nonpellagroua 

households with highest ineoines= 100.] 



Nonpolla- 

grous 
households 
whose 
half- 
month's 
income per 
adult male 
unit was 
$14 and 
over. 

(1) 



Households whose half- 
month's income per 
adult male unit was 
less than $6. 



Not 
affected 

with 
pellagra. 

(2) 



Affected 

with 
pellagra. 



(3) 



Households 
in which 
at least 
two cases 
of pellagra 
occurred. 



(*) 



Canned string beans 

Cheese 

Beans, string, green 

Peas and beans, other canned . . . 

Meats, cured, lean 

Fruits, fresh 

Mift, fresh 

Meals, fresh 

Vegetables, other, canned ' 

Potatoes, sweet, canned 

Milk, preserved 

Butter 

Fruits, canned 

Eggs 

Potatoes, sweet, fresh 

Wheat br.-i d, cites and crackers. 

Jellies and jams 

Corn, canned 

Grits 

Sugar 

Vegetables, other, green 

Meals, canned 

Lard, and lard substitutes 

Wheat flour 

Fruits, dried 

Potatoes, frish 

Peas and beans, dried 

Corn meal 

Bice 

Pork, salt 

Sirup 

All other foods (cost in cents) . . . 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



45 
56 
21 
15 
22 
50 
140 
49 



51 
111 

39 
50 
49 
57 
3<» 
30 
70 
71 
37 
42 
70 
89 
100 
130 
101 
130 
112 
132 
109 
88 



11 

27 
21 
23 
49 
19 
.10 
18 
02 
59 
44 
41 
22 
72 
09 
42 
35 
67 
36 
70 
61 
73 
100 
145 
101 
118 
93 

iS 

71 




6 
11 

II 

24 
33 
33 
35 
39 
40 
41 
42 
45 
49 
52 
55 
55 
53 
58 



70 
98 
109 
110 
114 
122 
169 
280 
53 



' Exclusive of canned corn— principally tomatoes. 

In order to minimize the obscuring and confusing effect of these fac- 
tors, foods that, in the existing state of knowledge, seemed closely relat- 
ed, have been combined into groups and the fuel value of each group 
has been used as an index * of their relative importance in the respec- 

1 It is to be understood, of course, that this is far from being completely satisfactory. But that it is suf- 
ficiently accurate for the present purpose is shown by the fact that when tho protein value of the groups 
is similarily used as the index, the indications are the samo, as may be seen by comparing Table VI with 
TableXXI. The ideal would be an index that would take intoaccount and give due weight to all essential 
dietary factors. 
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tive diets. The resulting groups and the fuel value of the supply 
of each group of households are shown in Table VI and Figure 3. 
It is to be noted that the computations of the caloric value of the 



RELATIVE flVEflflSC DAILY SUPPLY OF VARIOUS flfiT/CLES OF FOOD 
OF GROUPS OF NONPcLlftGROUS RNO OF PSLLft&POUS HOUSEHOLDS 

in Seven Coiion Mill VUlaoes of ■South Carolina 
during a fifietn-day period beiween fibril 1£ and t/ime /ff,/9/fe. 



DIET / NON PELLAGROUS HOUSEHOLDS WITH HIGHEST INCOriES=l00 

DIET ZNOMPELVtGfiOUS HOUSEHOLDS W/TH LOWEST INCOMES— 

DIE.T3. PELLAGROUS HOUSEHOLDS VIITH LOWEST INC0ME& 



01 £T 4. HOUSEHOLDS IN WHICH PT LZRST THO CRSES OFfELlRGRR OCCURRED- 




" « - S « 5 * 5 ? c £ ^ % « w r £ » .. - « 



bou 



Fig. 2. 



groups of foods are to be regarded as partaking somewhat of the 
nature of estimates, since, in certain instances, they are unavoidably 
based on the fuel values of certain articles assumed to be representa- 
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tive of the group, and since, in a few instances, they are averages 
after taking into consideration the relative importance (from the 
point of view of quantity) of the foods composing the group. In 



fiELRTIVE CHLORIC VALUE OF GROUPS OF FOODS 

CONSTITUTING THE AVERAGE DAILY SUPPLY OF 
NOh/PELLPlGROUS RNb OF PELLRGROUS HOUSEHOLDS 
in Seven Cotton Mi// VHIaqes of South Carolina 

during a Fifteen-day Period between flfrit IbfiOune IS, /9/6 




Fro. 3. 



one instance assumed equivalents (jellies and jams) were used as the 
base, inasmuch as the percentage composition of the articles actually 
appearing in the supplies of the households considered were not 
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available. No chemical analysis of the food supply was attempted. 
All our computations are based on Bulletin 28, United States Depart- 
ment of Agriculture (Atwater and Bryant, "The Chemical Composi- 
tion of American Pood Materials"). An allowance in accordance 
with the figures in this publication was made for "refuse," but no 
deduction except where specified was made for edible waste occur- 
ring in the household. In spite of these important qualifications it 
is believed that our figures are fairly close approximations to actual 
average values, and will serve satisfactorily for purposes of compar- 
ing the relative importance of the corresponding groups of foods in 
the respective diets. 

Table VI. — Approximate caloric value of various groups of foods 1 constituting the 
average daily supply of specified groups of pellagrous and of nonpellagrous households 
in seven cotton-mill villages of South Carolina during a 15-day period between Apr. 
16 and June IS, 1916. 

[See Fig. 3.1 



Groups of foods. 



Average calories per adult male unit daily. 



Nonpella- 
grous 
households 
whose 
half- 
month's 
income per 
adult male 
unit was 
$14 and 
over. 

(1) 



Households whose half- 
month's income per 
adult male unit was 
less than $6. 



Not 
affected 

with 
pellagra. 



(2) 



Affected 

with 
pellagra. 



(3) 



Households 

in which 

at least 

two cases 

of pellagra 
03curred. 



(*) 



Meats(exclusive of salt pork), eggs, milk, butter, cheese. 

Salt pork, lard, and lard substitutes 

Dried and canned peas and beans (exclusive of canned 

string beans) 

Wheaten flour, bread, cakes and crackers, corn meal, 

grits, canned corn, rice) 

Green and canned vegetables (exclusive of canned corn), 

graen and canned string beans, fruits of all kinds 

Irish and sweet potatoes 

Sugar, sirup, jellies, and jams 

Calories from all foods 

Total calories, after allowing 10 per cent for waste . 



762 
741 

126 

2,162 

131 

55 

290 

4,267 



639 

673 

113 

2,082 

71 

.53 

205 

3,836 



338 

718 

115 

1,752 

60 

53 

222 

3,288 



270 

745 

123 

1,810 

69 

40 

217 

3,310 



3,840 



3,452 



2,959 



2,979 



i Foods as purchased less nonedible portion. The computation of edible portion and the caloric value 
thereof is according to analyses published in Bulletin 28 (revised edition), U.S. Department of Agriculture 
(Atwater and Bryant: "The Chemical Composition of American Food Materials.") Because of the form 
in which it was necessary to obtain the data, the computations are only approximately correct, not abso- 
lutely exact. 

Proceeding now to an examination of these diets, and considering 
first of all the total fuel supply represented by each, we find that 
the diets of the pellagrous groups (No. 3 and No. 4) with approxi- 
mately 3,290 and 3,310 gross calories, respectively, are essentially 
identical in this regard, but clearly below that of either of the diets 
(No. 1 and No. 2) of the nonpellagrous groups, thus confirming the 
gross indications, previously noted, that the nonpellagrous enjoyed a 
more liberal food supply than did the pellagrous. 
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The difference in potential energy value between the diets of the 
nonpellagrous and the pellagrous groups is probably not quite as great 
as the figures in the table would indicate. For there is some reason 
to believe that the fuel supply of the nonpellagrous is somewhat exag- 
gerated as the result of an error arising from the fact, already referred 
to, that in the case of the smaller households which almost without 
exception were in tho nonpellagrous group, the customary pur- 
chases of such articles as flour and meal tended in these households 
to bo somewhat in excess of actual consumption during our 15-day 
sample period. So that the average supply of these articles, as it 
appears, is probably somewhat too high. 

In passing, it may be of interest to note that as between the non- 
pellagrous groups the diet of the group of poorer households (No. 2) 
appears to provide somewhat less energy than that of the group 
(No. 1) of the highest income class, a difference which appears to 
be a reflection, in the main, if not altogether, of the difference in 
economic status of the two groups. The relation of diet to economio 
status will be considered in a separate communication. 

By reference to Table VI it may be seen that the marked similarity 
of the diets of the groups of pellagrous households (No. 3 and No. 
4) with respeot to total fuel value holds good in a general way also 
with respect to the calories furnished by each of the 7 groups into 
which the articles of food enumerated in Table IV have been com- 
bined, with the possible exception of the group including the meats, 
milk, and eggs, etc., with which diet of group No. 3 seems somewhat 
more liberally supplied. On comparing with diet No. 1 it is found 
(see Fig. 3) that the lower fuel values of diets No. 3 and No. 4 are due 
mainly to a smaller supply in three classes of foods, 1 namely, (1) 
meats, milk, etc.; (2) green vegetables, including fruits; and (3) 
sugar, sirup, etc. If consideration were given only to the contrast 
between diets No. 3 and No. 4 on the one hand and No. 1 on the other, 
the interpretation would seem to be suggested that the freedom from 
pellagra enjoyed by the nonpellagrous households with diet No. 1 
was associated with a more liberal supply of some one or some com- 
bination of the foods in the groups in which the pellagrous households 
with diets No. 3 and No. 4 were notbly short. 

As has previously been suggested, however, the relative shortage 
in supply of the pellagrous groups No. 3 and No. 4 may be partly 
at least a reflection of a lower income status. This view is supported 
by the fact that if Fig. 3 be further examined we find that the diet 
(No. 2) of the nonpellagrous households of lowest income at once 
closely resembles diets No. 3 and No. 4 of the pellagrous groups 
and differs from the diet (No. 1) of the nonpellagrous households of 

i A fourth class (the cereals) for reasons already stated in the note on page (668) is not as important 
as might seem to be the case; see also note 1, page 681 . 
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highest income in substantially the same degree as do diets No. 3 
and No. 4 with respect to the supply from all groups of foods but 
one: this one is the group comprising the animal protein foods, 
namely, the lean meats, milk, butter, cheese, and eggs, the supply 
from which in diet No. 2 is notably greater than in diets No. 3 and 
No. 4 and but little less than that in No. 1. Clearly, then, the 
freedom from pellagra of the nonpellagrous households can be con- 
sidered as significantly associated with a more liberal supply from 
but this one group of foods. 1 

V. RELATION OF PELLAGRA INCIDENCE TO VARIATIONS IN SUPPLY OF 
"ANIMAL PROTEIN" FOODS. 

It now becomes important to test the association so clearly indi- 
cated in the foregoing in order that its significance may more satis- 
factorily be evaluated. Accordingly, we have analyzed our data with 
respect to the relation -of pellagra incidence to variation in the sup- 
ply of the single foods of this group. In this analysis, as in the pro- 
ceding comparisons, the household, not the individual, has been con- 
sidered as the unit with respect to food supply as well as with respect 
to pellagra incidence. 

It is to be noted that for the purpose of this analysis (with respect 
to single foods) a pellagrous household is one in which one or more 
cases of pellagra occurred at any time during 1916. 2 As has previously 
been pointed out, this definition carries with it a possible source of 
error, in that the disease may have occurred so long after the record 
of diet was secured that this may have been properly representative. 
Such relationship as does appear must therefore be regarded as all 
the more significant. 

Milk. — In the study of the relation of varying supplies of milk 
to pellagra incidence, buttermilk and whole milk were added together 
without distinction, and 1 pound of preserved milk (almost ex- 
clusively evaporated milk) was considered equivalent to 1 quart of 
fresh milk. It should be noted, also, (1) that home-chumed butter- 
milk was the predominating form in which milk was used by the 
households (the ratio being about 3 of buttermilk to 1 of whole milk), 
and preserved milk was used in only small quantities and by a very 
small proportion of the households; (2) that the use of home-made 
or country-made butter was fairly concomitant with the use of but- 
termilk. For practical purposes, therefore, "milk" may be con- 
sidered as fresh whole milk, since it was used either whole or in the 

1 Both nonpellagrous groups appear to have a slightly more liberal supply from the cereal group (wheat, 
corn, rice). This, we believe, is very largely if not entirely due to the practice of certain (small> house- 
holds of purchasing flour and corn meal in relatively large quantities, these households being almost with- 
out exception in the nonpellagrous group. 

- In our preliminary report we restricted our pellagrous households in this analysis as in the preceding 
comparisons to those in which pellagra occurred between March 1 and August 1, so that the figures there 
given are not quite the same as those here to be presented. The indications, are however, in no way 
affected. 
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form of buttermilk and butter. The proportion represented by pro- 
served milk was so small that it may be considered as a practically 
negligible element. It may be noted further that our "sample" 
was more accurately representative with respect to regularity in use 
of milk during the season in question than with respect to regularity 
in use of other of the variable articles of food, for the reason that 
households using milk were either owners of cows or purchased milk 
regularly from cow-owning neighbors or nearby farmers. 1 

In order to eliminate as far as possible households which wore ex- 
ceptional in this respect, those whose cows had become fresh within 
less than a month previous to the enumerator's visit and were at 
that tunc giving abnormally large quantities of milk were not con- 
sidered. The few instances where it was definitely established that 
milk had been consumed by pellagrins for therapeutic reasons and 
had not been an article of household diet, have, however, not been 
excluded, but are indicated in the table to be presented. The results 
of our study in relation to milk are shown in Table VII and Figure 4. 

Table VII.— Pellagra incidence during 1916 among households of cotton-mill ivorkers in 
seven villages of South Carolina, classified according to the household milk supply 
per adult, male unit for a 15-day period between Apr. 10 and June 15, 191f>. 



Household milk supply in quarts per adult male unit, for a 15-day 
period. 



Total 

number of 
households. 



Number of 

households 
affected 

with 
pellagra. 



Per cent of 

households 
affected 

with 
pellagra. 



All amounts. 

Less than 1.0 

1.0-6.9 

7.0-12.9 

13.0-18.9 

19.0 and over 



727 



56 



154 

262 
163 
90 
58 



28 

«16 

/8 

i 





18.0 

6.2 

4.9 

4.4 

.0 



"Includes one household using milk at the time of canvass by advice of family physician attending 
pellagrin, but not using milk previously so far as it could be ascertained. 

By reference to these it will be seen that the incidence of pellagra 
declined markedly as the milk supply of the households increased, 
and that among households having a supply of less than one quart 
per adult male unit for the 15-day period (approximately 65 grams 
per day), the incidence was three times as great as in households 
which had larger supplies of milk. 2 The significance of this indica- 

1 It is probable that the informants' statements of quantity of milk supply tended toward slight ex- 
aggeration, especially in the case of cow-owning households. Inexact measurements of milk produced 
(c. g., a "gallon" of milk as stated was probably a gallon bucket not quite full at milking time), the habit 
ot stating quantities in round numbers, coupled with a not unnatural disposition, to exaggerate the 
yield of a homc-ownod cow, undoubtedly resulted in overstatements, rather than understatements, of the 
household milk supply. 

^ It may be worth noting, however, that pellagra was observed in households with a milk supply, as 
reported, averaging approximately one quart per adult male unit per day. As pointed out in the pre- 
ceding footnote, there is a probability that this amount is somewhat overstated. We have no information, 
moreover, as to the distribution of the milk among individual members of the households other than the 
general but frequently made observation that wide variations in the amount consumed by individuals 
do occur. 
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tion becomes clearer when it is recalled that the presence of a large 
milk supply in a household was not a mere reflection of a better eco- 
nomic status and therefore of an ability to buy other possibly pre- 
ventive articles of diet since, as may be seen by reference to Table 
IV, nonpellagrous households (No. 2) with lowest incomes had an 



PELLneRA INCIDENCE IN RELATION TO 
FRESH MILK SUPPLY 

in Households in Seven Cotton Mill VHIaqes 
of South Carolina 
1916 



Per Cent of 

Households 
which were 
Pellagrous 

iH 

16 
14 
12- 
10 

8 
6« 
4- 
I- 



Qts. J>erftdult 
Male Unit in 
15-Day ftrlod 



cess 

l-HAN ONE 



III 

ne 1.0 -6-9 7.0-12.9 13.0-18.9 



190 8> Over 



HOUSEHOLD MILK SUPPLY 



Fig. 4. 



even larger average supply of milk than did those with highest 
incomes (No. 1). 

Further evidence that pellagra was relatively rare among house- 
holds having a liberal supply of fresh milk is afforded in a classifica- 
tion of households according to the ownership of milk-giving cows, 
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Table VIII. — Pellagra incidence during 1916 among households of cotton-mill workers 
in seven villages of South Carolina, classified according to the ownership of milk-giving 
cows during the spring of 1916. 



Household milk supply from home-owned cows. 



Owningcowwhiehsupplied milk duringthe3 months 

previous to canvass ' 

Not owning such cow 



Total 
number 
of house- 
holds. 



Number of house- 
holds affected 
with pellagra. 



With one 

or more 

cases. 



147 
59S 



With two 

or more 

cases. 



Per cent of house- 
holds affected 
with pellagra. 



With one 

or more 

cases. 



2.7 
9.7 



With t" o 

or more 

cases. 



1 In the case of one household a heme-owned cow was giving milk at the time of purchase, but for several 
months prior to the onset of the pellagra attick no cow was owned by the household. No further cases de- 
veloped in this household. 

5 This household sold at least half (probably a greater proportion) of the milk. 

shown in Table VIII. The incidence of pellagra among households 
having milk from such a source was less than 3 per cent as against 
nearly 10 per cent in households without a supply from such a source. 
The contrast in incidence of two or more cases in a single household 
is even more striking. The significance of this indication is enhanced 
when we note that in the group of no-cow-owning families some en- 
joyed a liberal supply of milk by purchase. 

In connection with the foregoing, Bouchard's observation (Bouch- 
ard, 1862, p. 186), over half a century old, is of great interest. He 
closes a discussion of the relation of occupation to pellagra with a 
statement of what he justly characterized as a "remarkable fact," 
namely, ''Shepherds are almost all pellagrous (in the endemic area 
of southwestern France) ; cowherds are hardly ever such. They have 
the same occupation, the same manner of life, but the cowherd 
nourishes himself in large part with milk." Quite characteristically, 
however, a milk diet had been accused by some previous observers as 
the cause of the disease (Roussel, 1845, p. 161). 

Table IX. — Pellagra incidence during 1916 among households of cotton-mill workers in 
seven villages of South Carolina, classified according to the household fresh-meat supply 
per adult male unit for a 15-day period between Apr. 16 and June 15, 1916. 



Household supply of fresh meats in pounds per adult male unit, for 
a 15-day period. 



All amounts. 

Less than 1.0 

1.0-1.9 

2.0-2.9 

3.0-3.9 

4.0 and over. 



Total num- 
ber of 
households. 



Number of 
households 
affected 
with pel- 
lagra. 



■195 
131 
61 
30 
IS 



Per cent of 
households 
affected 
with pel- 
lagra. 



61 



8.2 



10.9 
3.1 
3.3 



Fresh meats. — In the present analysis the item "fresh meats" 
includes the same varieties as were included in this item in the 



685 



March 19, 1920. 



tables already presented. The incidence of pellagra in relation to 
varying supplies of fresh meat is shown in Table IX and Figure 5. It 
will be observed that as the fresh meat supply increased, the incidence 
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FRESH MEAT SUPPLIES 
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Per Cent of 
Households 
which were 

Fellaqrous 



Lbs. per Adult 
Male Unit \n 
15- Day Period 



LESS 
THRN ONE 



1.0 1.9 



1.0 2.9 



3.0 3.9 



4.0 ft- Over 



HOUSEHOLD FRESH MEAT SUPPLY 



Fig. 5. 



of pellagra declined in almost as marked a manner as in the case of 
milk; the incidence among households having a fresh-meat supply 
of less than 1 pound per adult male unit per 15-day period (approxi- 
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mately 30 grams per day) was more than three times as great as in 
households with a larger supply. 

Inasmuch, however, as the average supply of fresh meat per 
household was considerably higher, and a large supply appeared 
more frequently among households with the highest than among 
those with the lowest incomes (Table IV), the possibility is sug- 
gested that a relatively large supply of fresh meat may have been 
merely a reflection of better economic status, and thus of the ability 
to purchase other possibly preventive articles of diet. The data were 
further analyzed, therefore, in order to determine whether the varia- 
tion in the fresh-meat supply within household groups of different 
economic conditions showed a relation to pellagra incidence similar 
to that just observed. 

Table X. — Pellagra incidence during 1916 among households of cotton-mill workers of 
different incomes in seven villages of South Carolina, classified according to the house- 
hold fresh-meat supply, per adult male unit for a 15-day period between Apr. 16 and 
June 15, 1916. 



Household supply of fresh meats in pounds per adult male unit, for 


Family income during a 15-day pe- 
riod per adult male unit. 


a 15-day period. 


Under $6. 


$6 to $9.99. 


110 and 
over. 


Total number of households: 


124 

27 
35 
26 

19 
3 
3 
1 

15.3 
11.1 
8.6 
3.8 


159 
51 
68 
41 

20 
6 
2 
2 

12.6 
11.8 
2.9 

4.9 


81 


0.5-0.9 .. 


35 


1.0-1 9 . 






4* 


Number of households affected with pellagra: 


2 


0.5-0.9 


1 


1.0-19 


1 







Per cent of households affected with pellagra: 


2.5 


0.5-0.9 


2.9 


1.0-1.9 


2.2 




0.0 







For this purpose the households were divided into three income 
classes, and each in turn subdivided into groups of households with 
varying meat supply and then the incidence of pellagra was computed 
for each of these groups. The results appear in Table X. While 
the subdivision of the households in each income class necessitates 
the consideration of rather small numbers, nevertheless it seems 
fairly clearly indicated that, while there is a decline in incidence with 
increased income, the supply of fresh meat remaining the same, there 
is quite a sharp and fairly regular decline in pellagra incidence as the 
supply of fresh meat increases in the lower two of the three income 
classes, no definite effect being appreciable in that of the highest 
income. If the use of fresh meat were merely a concomitant of high 
income, the tendency to a diminution of the incidence rate with an 
increase in the fresh-meat supply in households of the same income 
class should practically disappear. The fact, however, that a clearly 
marked tendency to a decline in incidence with increase in supply is 
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present among households whose half-month's incomes were between 
$6 and $10 as well as among those with less than $6 appears to con- 
firm and strengthen the previous indication that pellagra incidence 
was materially lower when the average daily household supply of 
fresh meat was more than approximately 30 grams per adult male 
unit per day. 

Table XI. — Pellagra incidence during 1916 among households of cotton-mill workers in 
seven villages of South Carolina, ivhose supply of fresh meats u'as less than 1 pound per 
adult male unit per 15-day period, classified according to the household supply of 
milk, per adult male unit, for a 15-day period between Apr. 16 and June 15, 1916. 



Household supply of milk in quarts per adult male unit, for a 
15-day period. 


Total num- 
ber of 
households. 


Number of 
households 
affected 
with pel- 
lagra. 


Tor cent of 
households 
affeoted 
with pel- 
lagra. 




464 


46 


10.0 








103 
63 
90 

102 
67 
39 


23 
S 
7 
7 
4 



22.3 




7.9 




7.8 




6.9 




6.0 




0.0 







Table XII. — Pellagra incidence during 1916 among households of cotton-mill workers 
in seven villages of South Carolina, whose supply of fresh milk was less than 7 quarts 
per adult male unit per 15-day period, classified according to the household supply of 
fresh meats per adult male unit, for a 15-day period between Apr. 16 and June 15, 1916. 



Household supplv of fresh meats in pounds per adult male unit, 
for a 15-day period. 


Total 
number of 
house- 
holds. 


Number of 
households 

affected 
with 

pellagra. 


Per cent of 
households 

affected 
with 

pellagra. 




435 


45 


10.3 








282 
114 
39 


40 
4 
1 


14.2 




3.5 




2.0 







Millc or fresh meats. — Our analyses having indicated in a definite 
manner that pellagra occurred less frequently or not at all in house- 
holds having a daily minimum average supply of approximately a 
pint of milk or of 30 grams of fresh meat per adult male unit, it 
becomes important to ascertain whether these associations are inde- 
pendent each of the other. Accordingly we have attempted to 
determine this by observing the variation in the pellagra rate for 
households having but a small supply of the one when grouped 
according to variations in supply of the other. This analysis is shown 
in Tables XI and XII and Figures 6 and 7. The households having 
a supply of fresh meat exceeding 1 pound per adult male unit per 
15-day period (approximately 30 grams daily) are discarded in the 
former table, and those having a supply of milk of over 7 quarts per 
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adult male unit per 15-day period (approximately 1 pint daily) are 
discarded in the latter. 1 The results of this analysis clearly indi- 
cate that an increasing supply of each of these foods, independently 
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Qts. perfidult 

Male Unit in 

IS- Day Period 





i. 0-3.9 



HOUSEHOLD MILK SUPPLY 



Fig. 6. 



of the other, was definitely associated with a decreasing pellagra 
incidence. 



1 The mass cf our data was too small to permit of restricting this analysis to households with a still smaller 
milk supply. 
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Other "animal protein" foods. — Analyses with respect to the other 
individual foods of the "animal protein" group were attempted but 
proved unsatisfactory by reason of the insufficient mass of the 



FELLftGRfl INCIDENCE IN RELATION TO THE 
fREStt MEHT SUPPLY IN HOUSEHOLDS 
WHOSE FRESH PHLK SUPPLY WAS LESS 
THAN SEVEN QUARTS PER ADULT HALE UH IT 

durinq a 15-Day Period in 
Seven Cotton Mill Villages of South Carolina, 1916 



Per Cent of 

Households 
which v»ere 

Pellaqrous 
14- 
S2- 
ID- 



S' 
4- 
2 

O 



LS?5. perAdiiltl LESS 
Male Unit in! than one 
L5-fe^ Period 

HOUSEHOLD FRE5M HEAT SUPPLY 




Fk;. 



available data. It is to be noted, however, that the indications 
afforded by the analysis presented with respect to fresh milk should 
be regarded as, in a general way, also representative of butter, for, 
as has already been mentioned, fresh milk appeared in the diet of the 
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mill people in the form, for the most part, of home-churned buttermilk 
and butter. 

VI. FOODS OP THE GROUPS ASSOCIATED WITH INCREASED PELLAGRA 

INCIDENCE. 

As has been seen (Table VI and Fig. 3) the diet of our group of non- 
pellagrous households of the lowest income (No. 2) closely resembles 
the diets of our pellagrous groups with respect to the supply from all 
but one of the classes of foods, namely, the "animal protein" foods, a 
liberal supply of which is associated with a relative or absolute free- 
dom from the disease. Conversely, a reduced or minimal supply of the 
foods of this group in relation to the type of diet under consideration may 
be considered as associated with an increased pellagra incidence. 
Or, viewed in another way, one may regard the portion of these 
diets (i. e., the diets hero considered) exclusive of the "animal pro- 
tein" group as approximating a pellagra-producing diet. 6 Analyses 
wore therefore made of the relation to pellagra incidence of variations 
in supply of a number of the more conspicuous (quantitatively) foods 
included in what may be regarded as the pellagra-producing combi- 
nation. 

Corn meal. — In Table XII are shown the results of an analysis of 
our data in relation to corn meal. As might have been anticipated 
from the indications afforded by the statistics of average quantities 
shown in Tables IV and V and by the frequency figures in Tables XIX 
and XX, no consistent correlation is apparent. This is of great interest 
when the etiological r61e that has for so long been attributed by Italian 
students of the disease to spoiled maize is recalled. It is quite 
exceptional for mill-village stores to have on sale at one time more 
than one grade of meal; and so all households in any one village using 
this cereal are supplied with the same quality of this product. If, 
therefore, spoiled corn is, as Lombroso and his pupils have taught, 
the cause of pellagra, then it would seem reasonable to expect some 
indication of an increasing incidence with an increase in supply. 

Table XIII. — Pellagra incidence during 1916 among households of cotton-mill workers 
in seven villages of South Carolina, classified according to the household corn e meal 
supply d per adult male unit for a 15-day period between Apr. 16 and June 15, 1916. 



Household suppl y of com meal in pounds per adult male unit, for 
a 15-day period. 


Total 
number of 
house- 
holds. 


Number of 

households 
affected 

with 
pellagra. 


Per cent of 

households 

affected 

with 

pellagra. 




742 


61 


8.2 






0-3.9 


304 
260 
117 
61 


20 
24 
13 
4 


6.6 


4.0-7.9 


9.2 


8.0-11.9 


11.1 


12.0 and over 


6.6 







o Maize. 

b Includes grits. 

c This is not to be interpreted as meaning that a restricted supply of the "animal protein" foods is 
necessarily the cause of pellagra or that only foods of this group are pellagra preventive. 

d This was one of the indications followed in formulating the experimental diet used in the Rankin Farm 
(Mississippi) prison experiment (Goldherger and Wheeler, 1915 and 1920; also Goldberger, 1916). 
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This our tables -do not show to be the case; on the contrary it appears 
(Tables IV, XIX, and XX) that this cereal was used quite as liberally 
in the nonpellagrous as in the pellagrous households. Our results can 
not, therefore, be interpreted as affording any support to the etiolog- 
ical theory which up to within the past few years had all but univer- 
sally been the accepted one. This lack of indication would seem to bo 
in harmony with the results of the controlled feeding experiment of 
Goldberger and Wheeler (1915 and 1920), in which at least of 11 
convicts subsisting on a diet containing corn of good quality devel- 
oped pellagra. 

Table XIV. — Pellagra incidence during 1916 among households of cotton-mill workers 
in seven villages of South Carolina, classified according to the household wheal flour 
supply per adult male unit for a 15-day period betiveen Apr. 16 and June 15, 1916. 



Household supply of wheat flour in pounds per adult male unit, 
for a 15-day period. 


Total 
number of 
house- 
holds. 


Number of 
households 

affected 
with 

pellagra. 


Per cent of 
households 

affected 
with 

pellagra. 


All amounts 


748 


61 


8.2 




0-3.9 


61 
46 
182 
199 
200 


7 
4 
15 
10 
19 


11.5 
8.7 
8.2 
8.0 
7.3 


4.0-7.9 


8.0-11.9 


12.0-15.9 







Table XV .—Pellagra incidence during 1916 among households of cotton-mill workers 
tn seven villages of South Carolina, whose supply of fresh meats was less than 1 pound, 
and of fresh milk less than 4 quarts, per adult male unit per 15-day period, classified ac- 
cording to the household supply of wheat four per adult male unit for a 15-day period 
between Apr. 16 and June 15, 1916. 



Household supply of wheat flour in pounds per adult male unit, 
for a 15-day period. 


Total 
number of 
house- 
holds. 


Number of 
households 

affected 
with 

pellagi'a. 


Per cent of 
households 

atfeoted 

with 
pellagra. 


Ail amounts 


175 


29 


16.0 




tt-3.9 


15 
8 
44 
49 
59 


5 


8 
6 
10 


33.3 

18.2 
12.2 
17.0 


4.0-7.9 -.-...-. 


8.0-11.9 


12.0-15.9 


16:0 and over 





Wheat flour. — The results with respect to wheat flour are shown in 
Tables XIV and XV. In the first of these tables there appears a sug- 
gestion of an inverse correlation in pellagra incidence, but when this 
was tested by eliminating the households having supplies of milk and 
fresh meat in significant quantities the results, as shown in the second 
of these tables (Table XV), arc irregular and the suggested correlation 
disappears. This, however, may be due to the rather small mass of 
data that is thus left for study. Definite determination of this point 
must be left to further study. 
165786°— 20 i 
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Table XVI— Pellagra incidence during 1916 among households of cotton mill workers 
in seven villages of South Carolina, ' classified according to the household supply of 
dried peas and beans per adult male unit for a 15-day period between Apr. 16 and 
June 15. 1916. 



Household supply of dried peas and beans in pounds per adult 
male unit, for a 15-day period. 


Total 
number of 
house- 
holds. 


Number of 
households 

affected 
with 

pellagra. 


Per cent of 
households 

affected 

with 
pellagra. 




747 


01 


8.2 








255 
150 
199 
143 


18 
12 
18 
13 


7.1 


05-09 


ao 


10-19. 


9.0 




9.1 







Table XVII. — Pellagra incidence during 1916 among households of cotton mill workers 
of the lowest income class 1 in seven villages of South Carolina, classified according to 
the household supply of dried peas and beans per adult male unit for a 15-day period 
between Apr. 16 and June 15, 1916. 



Household supply of dried peas and beans in pounds per adult 
male unit, for a 15-day period. 


Total 
number of 
house- 
holds. 


Number of 
households 

affected 
with 

pellagra. 


Per cent of 
households 

affected 
with 

pellagra. 




216 


27 


12.5 








77 
43 
49 
47 


9 

7 
4 

7 


11.7 


5-0.9 


16.3 


1 0-1.9 


8.2 




14.9 







i All the households considered had a total cash income of less than $6 per adult male unit in the family 
during the half month for which dietary records were secured. 

Table XVIII. — Pellagra incidence during 1916 among households of cotton mill workers 
whose supply of fresh meats was less than 1 pound and of fresh milk was less than 4 
quarts per adult male unit per 15-day period, classified according to the household 
supply of dried peas and beans per adult male unit for a 15-day period between 
Apr. 16 and June 15, 1916. 



Household supply of dried peas and beans in pounds per adult 
malo unit, for a 15<lay period. 


Total 
number of 
house- 
holds. 


Number of 
households 

affected 
with 

pellagra. 


Per cent of 
households 

affected 
with 

pellagra. 




169 


28 


16.6 








44 

29 
46 
50 


6 
4 
9 
9 


13.6 


5-0.9 


13.8 


1 0-1.9. 


19.6 




18.0 







Dried legumes. — With respect to dried legumes/ the results of our 
analyses are presented in Tables XVI, XVII, and XVIII. Although 
a slight suggestion of a direct correlation appears in Table XVI and 
again in Table XVIII it is altogether absent from Table XVII; so 
that, on the whole, we have here no significant variations in incidence 
with variation in supply. This is in harmony with the indications 
afforded by the statistics of average quantities presented in Tables IV 
and V and by the frequency of supply in various amounts shown in 

1 The dried legumes principally used were "white" beans, "pink'; beans, and field, or cowpeas. Beans 
were nsed in considerably larger quantities than peas. 
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Tables XIX and XX, namely, that the use of dried legumes appeared 
to be quite similar in the case of nonpellagrous and of pellagrous 
households. The present study therefore fails to confirm deductions 
from epidemiologic observations made by one of us (J. G.) about five 
years ago with respect to the apparently important preventive value 
of the common varieties of dried beans and peas. 

Table XIX. —Percentages of households having supplies of various articles of food in 
different quantities per adult male unit per day, in seven cotton-mill villages of South 
Carolina, during a 15-day period between Apr. 16 and June 15, 1916, compared for 
nonpellagrous households and for households in which one or more cases occurred in 
March- July,' 1916, all households being in the loivest income class. 





Average 
daily 

supply 
per 
adult 
male 
unit. 


Per cent of households whose average 
daily supply per adult male unit 
was— 


Article of food and group of household. 


None. 


None or 
less than 
one-third 
average 
of all 
house- 
holds. 


One-third 
but less 

than 
average 
of all 
house- 
holds. 


Average 
or more 

than 
average 
of all 
house- 
holds. 


Fresh meats: 


Grams. 
36.6 

19.9 
9.4 

23.8 
11.8 
11.1 

14.0 

10.6 
17.5 

43.1 

38.7 
30.6 

493.4 

554.0 
187.2 

3.8 

2.3 

2.8 

30.8 

80.2 
16.0 

3.3 

2.0 
0.2 

52.3 

50.7 
69.5 

47.3 

37.1 
32.0 

32.3 

31.4 
31.4 

4.3 

1.8 
3.3 

415.9 

398.6 
323.1 












47.8 
64.3 


52.2 
67.9 


16.7 
17.9 






14.3 


Cured lean meats: 






58.6 
53.6 


62.5 
53. 6 


12.8 
39.3 


24.4 


Pellagrous 


7.1 


Canned meats: 






49.2 
33.3 


54.6 
33.3 


17.5 
33.3 




Pellagrous 




1'Jggs: 






31.8 
17.9 


41.7 
39.3 


26.4 
35.7 




Pellagrous 




Fresh milk: 




Nonpellagrous 


19.1 

42.3 


27.6 
65.4 


32.6 
23.1 








I'rcservedmilk. 






85.2 
64.3 


85.2 
64.3 


i.i 

3.6 


13.7 
32.1 


Pellagrous 


Mutter: 




20.7 
20.0 


33.5 
52.0 


28.5 
36.0 


38.0 
12.0 


Pellagrous 


Cheese: 




74.7 
92.8 


74.7 
92.8 


3.3 

3.6 








Salt pork: 






4.5 
3.6 


7.8 
7.1 


49.7 
42.9 






50.0 


Lard and lard substitutes: 

All households 


Nonpellagrous 


10.9 
■ 10.7 


19.7 
17.9 


44.8 
50.0 


35.5 


Pellagrous 


Dried peas and beans: 




Nonpellagrous 


28.4 
17.9 


33.3 
28.6 


27.3 
32.2 




Pellagrous 




Canned peas and beans: 






89.6 
85.7 


89.6 
85.7 


0.0 
0.0 




Pellagrous 


14 3 


Wheat flour: 

A 11 households 




Nonpellagrous 


7.7 
7.1 


9.3 
14.3 


49.7 
53. 6 




Pellagrous 


32.1 
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Table XIX. — Percentages of households having supplies of various articles of food in 
different quantities per adult male unit per day, in seven cotton-mill villages of South 
Carolina, during a 15-day period between Apr. 16 and June 15, 1916, compared for 
nonpellagrous households and for households in which one or more cases occurred in 
March- July, 1916. all households being in the lowest income class — Continued. 



Article of food and group of household. 



Average 
daily 

supply 
per 
adult 
male 
unit. 



Per cent of households whose average 
daily supply per adult male unit 
was— 



None. 



None or 
less than 
one-third 
average 
of all 
house- 
holds. 



One-third 
but less 

than 
average 
of all 
house- 
holds. 



Average 

or more 

than 

average 
of all 

house- 
holds. 



Wheat bread, cakes, and crackers: 

AH households 

Nonpellagrous 

Pellagrous 

Corn meal: 

AH households 

Nonpellagrous .' 

Pellagrous 

Olrits: 

A 11 households 

Nonpellagrous 

Pellagrous 

Rico: 

All households 

Nonpellagrous 

Pellagrous 

Groen string beans: 

All households 

Nonpellagrous 

Pellagrous 

Canned strinfc beans: 

All households 

Nonpellagrous 

Pellagrous '. 

Green vegetables (bought): 

All households 

Nonpellagrous 

Pellagrous 

Other canned vegetables: 

All households 

Nonpellagrous 

Pellagrous 

Fresh fruits: 

All households 

Nonpellagrous 

Pellagrous 

Dried fruits: 

All households 

Nonpellagrous 

Pellagrous 

Canned fruits: 

All households 

Nonpellagrous 

Pellagrous . . 

Irish potatoes: 

All households 

Nonpellagrous 

Pellagrous 

Fresh sweet potatoes: 

All households 

Nonpellagrous 

Pellagrous 

Canned sweet potatoes: 

All households 

Nonpellagrous 

Pellagrous 

Sugar: 

All households 

Nonpellagrous 

Pellagrous 

Sirup: 

All households 

Nonpellagrous 

Pellagrous 

Jellies and jams: 

All households 

Nonpellagrous 

Pellagrous : 



Grams. 
14.1 

10.3 

13.1 

153.7 

164.9 
149.8 

5.9 

0.0 
3.3 

5.1 

5.4 
4.2 

11.6 

0.0 

3.5 

4.5 

4.1 
1.3 

50.1 

33.9 
32.3 

35.6 

32.9 
27.8 

38.4 
21.1 

9.7 

9.2 

9.7 
9.7 

18.7 
14.5 
16,0 

74.4 

63.7 

71.0 

0.3 

3.9 

1.7 

3.9 

3.1 
1.4 

46.2 

39.6 

37.1 

16.3 

8.6 

15.1 

7.9 

4.2 
7.5 



42.2 

40.4 



18.7 
10.7 



9.3 



71.0 
75.0 



85.2 
89.3 



HO. g 
96.4 



29.4 
21.4 



35.5 
•!9.3 



49.2 
50.0 



44.0 
40.4 



07.2 
lvl.3 



42.6 
39.3 



96.7 i 
96.5 | 



91.2 

85.7 



15.3 
14.3 



<a. 4 

04,3 



00.9 
53.6 



54.6 
50.0 



21.4 
17.9 



89.0 
89.3 



72.1 

75.0 



91.8 

96. 4 



80.8 
96.4 



35.6 
42.9 



41.0 

40. 4 



52. 5 

67. 9 



44.0 
46.4 



67.7 
64.3 



46.4 
50.0 



88.7 
96.5 



91.2 
85.7 



24.0 
21.4 



63.4 

64.3 



66.9 
57.2 



18.6 

17.9 



28.6 

35.7 



0.5 
0.0 



0.0 

0.0 



6.0 
3.6 



0.0 

8,0 



31.1 
32. 1 



20.8 
17.9 



22.1 
17.8 



2.2 
0.0 



8.7 
7.1 



14.8 
7.1 



0.0 
0.0 



0.0 
0.8 



50.3 
39.3 



2.7 
3.6 



8.8 

21.4 



20.8 
32.1 



50.0 
46.4 



9.8 

10.7 



27.9 
25.0 



2.2 
0.0 



13.2 
3.6 



ss.a 

25.0 



38.2 
35.7 



25.4 
14.3 



53.8 
53.6 



23.5 



38.8 
42.9 



3.3 
3.5 



8.8 

14.3 



27.7 
39.3 



24.3 
21.4 
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Table XX. — Percentages of households having supplies of various articles of food in 
different quantities per adult male unit per day in seven cotton-mill villages of South 
Carolina during a 15-day period between Apr. 16 and June 15, 1916, compared for 
nonpellagrous households with highest incomes, and for households in which two or more 
cases occurred in March- July, 1916. 



Article of food and group of households. 



Fresh meats: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) 
Cured lean meats: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) 

Canned meats: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) 

Eggs: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
Fresh milk: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) 
Preserved milk: 

All households 

Nonpellagrous (highest incomes) ...... 

Pellagrous (with two or more cases) . . . 
Butter: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
Cheese: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
Salt pork: 
i All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
Lard and lard substitutes: 

All households 

Nonpellagrous (with highest incomes). 

Pellagrous (with two or more cases) . . . 
Dried peas and beans: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
Canned peas and beans: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
Wheat flour: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
Wheat bread, cakes, and crackers: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
Corn meal: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 
C.rits: 

AH households 

Nonpellagrous (highestincomes) 

Pellagrous (with two or more cases) . . . 
Rice: 

All households 

Nonpellagrous (highest incomes) 

Pellagrous (with two or more cases) . . . 



Average 
dally 

supply 

per 

adult 

male 

unit. 



Grams. 
36.6 

48.9 

16.3 



33.8 
51.0 

8.1 

14.0 

25.1 

15.7 

43.1 

69. 5 

31.1 

493.4 

379.3 
126.9 

3.8 

4.5 
1.8 

30.8 

27.2 
11.2 

3.3 

3.6 



S3. 3 

38.6 
65.2 

47.3 

52.8 
34.7 

33.3 

31.1 

34.1 

4.3 

12.1 
1.6 

415.9 

445.4 
351.5 

14.1 

18.1 

9.4 

153.7 

127.1 
144.3 

5.9 

9.4 

5.2 

5.1 

4.5 
5.5 



Per cent of households whose average 
daily supply per adult male unit was— 



None. 



25.4 
59.1 



113.X 
54.6 



49.2 
45.5. 



3.2 

18.2 



17.5 
50.0 



74.6 
77.3 



14. 3 
25.0 



76.2 
95.5 



17.5 
4.5 



14.3 
9.1 



31.8 
9.1 



71.4 
90.9 



U. 5 

4.5 



39. 7 
36. 4 



31.8 
9.1 



81.0 

95.5 



60. 3 
72.7 



None or 
less than 
one-third 
average 
of all 
house- 
holds. 



One-third 
but less 

than 
average 
of all 
house- 
holds. 



25.4 
63.6 



31.8 
59.1 



52.7 
45.5 



6.3 

31.8 



23.8 
70.0 



74.6 
77.3 



25.4 
50.0 



76.2 

95,5 



23.8 
4.5 



17.5 

18.2 



33.3 
22.7 



71.4 
90.9 



9.5 
13.6 



42.9 
50. 



31.8 
18.2 



81.0 
95.5 



60.3 

72.7 



11.1 
13.6 



6.3 
27.3 



6.3 

22.7 



25.4 
31.8 



50. 8 
15.0 



0.0 
0.0 



25.4 
40.0 



0.0 
0.0 



31.8 
36.4 



25. 4 

68. 1' 



23.8 
31.8 



1.6 

0.0 



44.5 
45.5 



14.3 

IS. 2 



30.2 
45.5 



1.6 
0.0 



1.6 
O.O 



Average 
or more 

than 
average 
of all 
house- 
holds. 



63.5 
22.7 



61.9 
18.2 



41.3 
31.8 



68. 3 
36.4 



25.4 
15. 



25. 4 
22.7 



49.2 
10. 



23.8 
4.5 



44.5 
59.1 



57.2 
13.6 



42, 9 
45.5 



27.0 
9.1 



48.0 
40.9 



42.9 
31.8 



38.1 
36.4 



17.5 

4.5 



38.1 
27.3 
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Table XX. — Percentages of households having supples of various articles of food in 
different quantites per adult male unit per day in seven cotton-mill villages of South 
Carolina during a 15-day -period between Apr. 16 and June IS, 1916, compared for 
nonpellagrous households with highest incomes, and for households in which two or more 
cases occurred in March- July, 1916 — Continued. 





Average 
daily 

supply 
per 
adult 
male 
unit. 


Per cent of households whose average 
daily supply per adult male unit 

was— 


Article of food and group of household. 


None. 


None or 
less than 
one-third 
average 
of all 
house- 
holds. 


One-third 
but less 

than 
average 
of all 
house- 
holds. 


Average 
or more 

than 
average 
of all 
house- 
holds. 


Green string beans: 


Grams. 

11.6 

31.7 

3.4 

4.5 

9.1 
0.0 

50.1 

90.6 
57.4 

35.6 

67.7 
26.2 

28.4 
43.2 
10.1 

9.3 

9.7 
9.5 

18.7 
37.4 
15.7 

74.4 

48.9 
53.1 

6.3 

7.9 

3.9 

3.9 

7.9 
3.1 

46.2 

.55. f> 
32.0 

16.3 

17.9 
22.6 

7.9 

10.9 
0.0 












47.6 
86.4 


73.0 
95.5 


23.8 
4.5 


3.2 






Canned string beans: 






85.7 
100.0 


85.7 
100.0 


6.6 
0.0 


14 3 







Green vegetables (bought): 






27.0 
9.1 


33.0 

45.5 


28.6 
18.2 






36 4 


Other canned vegetables: 






19.1 
31.8 


22.2 
31.8 


12.7 
27.3 


65.1 




Fresh fruits: 






36.5 
50.0 


42.9 
63.6 


19.1 
22.7 






13.6 


Dried fruits: 




65.1 
54.6 


65.1 
54.6 


6.3 
4.5 


28.6 




40.9 


Canned fruits: 




36.5 

68.2 


39.7 
68.2 


7.9 
9.1 


52.4 




Irish potatoes: 






49.2 
45.5 


50. S 
50.0 


12.7 
18.2 


36.5 
31.8 




Fresh sweet potatoes: 




93.6 
95.2 


93.6! 0.0 
95.2 | 0.0 

1 






4.8 


Canned sweet potatoes: 




85.7 
80.9 


85.7 
80.9 


0.0 
0.0 


14 3 






Sugar: 






14.3 

22.7 


20.6 
22. 7 


22.2 
40.9 








-Sirup: 






73.0 
50.0 


73.0 

50. 


3.2 
4.5 


23 8 




45.5 


Jellies and jams: 


Nonpellagrous (highest incomes) 


44.5 
45.5 


47.6 
45. 5 


3.2 
27.3 






27.3 





It is important to note, however, that in the light of various recent 
studies (Daniels and Nichols, 1917; Daniels and Laughlin, 1918: 
McCollum, 1917; and Osborne and Mendel, 1917) this does not neces- 
sarily apply to other species and probably still less to the immature 
or green stage, namely, the green string bean. Indeed, our observa- 
tions, indicating as they do that the abundant seasonal supply of the 
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green string bean is associated with the marked seasonal decline in 
incidence of the disease, suggest the possibility of a distinctly pre- 
ventive role for this vegetable. It is hoped that the large mass of 
data collected during 1917 now being analyzed may afford more defi- 
nite indications on this point. 

Other foods. — Similar single-food analyses were also attempted with 
respect to potatoes, fruit, and fresh vegetables without significant 
indications. No weight can be attached to this, however, by reason 
of the fact that but a small mass of data was available for the study 
relating to these foods. 

VII. DIETARY FACTORS. 

We have thus far studied the food supply constituting the diets of 
nonpellagrous and those of pellagrous households with the view, 
primarily, of discovering outstanding differences of a general char- 
acter, and we have seen that the only difference between them to 
which significance could properly be attached related to a more 
liberal supply of the ''animal protein" foods which the nonpellagrous 
enjoyed. It becomes important now to examine the more intimate 
make-up of these diets with a view to ascertaining in more detail the 
essential differences between them. 

Calories. — Attention has already been called (p. 679) to the 
caloric value (Table VI) of the diets under discussion. The average 
energy value of the edible portion of the food supply of the pellagrous 
households may be taken as approximately 3,300 calories, which is 
somewhat less than that of the nonpellagrous households of com- 
parable economic status. 

These figures represent an estimate of the energy supplied, not 
that consumed. To determine the latter, some deduction for waste 
should be made. What this actually was we found it impracticable 
to attempt to determine, but judging from such general observations 
as we were able to make wo believe that this was on the whole rather 
small and related mainly to the bread foods (corn meal and wheat 
flour) . The careful dietary studies of the United States Department 
of Agriculture have shown that in private families the waste may range 
from practically zero to as high as 8 or 10 per cent (W. O. Atwater 
Farmers' Bulletin, No. 142, p. 46). A deduction from our figures of 
10 per cent for waste may therefore be considered as a fairly liberal 
allowance. Deducting this, we find that the average energy value of 
the diet of the pellagrous households was about 2,970 calories, which 
will at once be recognized as conforming remarkably well to accepted 
standards, 1 and so the fuel supply of the diet would seem in itself not 
to be an essential factor in relation to the incidence of the disease, 

'Lusk, 1917, p. 347; Chittenden, 1907, p. 25}. 
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although the fact that the average fuel supply of the nonpellagrous 
households of like income status tended to be somewhat larger would 
suggest that this factor may not be altogether without significance. 
Protein. — The approximate protein content of the total average 
food supply per adult male unit per day has been computed for each 
of the four groups compared in the foregoing. The same limitations 
as to accuracy noted with respect to potential fuel value apply here. 
The results presented jn Table XXI are therefore estimates of the 
average total number of grams of protein per adult male unit per day 
in the edible portion of the food supply of the sample period. Except 
for a small allowance that should be made for waste, this very nearly 
represents the average quantity of protein consumed. Although 
these quantities can not be regarded as exact, we believe that, like 
the caloric values, they are sufficiently close approximations for the 
present purpose. By reference to Table XXI we find that diet No. 1 
supplies approximately 128; No. 2, 105; No. 3, 84; and No. 4, 85 
grams of protein. From this it is evident that the protein supply of 
the two groups of pellagrous households (No. 3 and No. 4) is identical, 
and at the same time it is somewhat smaller than that of the groups 
of nonpellagrous households. 

Table XXI. — Approximate protein value of edible portion of foods ' of various groups 
constituting the average daily supply during a 15-day period between Apr. 16 ana June 
IS, 1916, of specified groups of nonpellagrous households and households in which pel- 
lagra occurred during March- July, 1916, in 7 cotton-mill villages of South Carolina. 



Group of foods. 



Number of grams of protein in the aver- 
age daily food supply per adult malo 
unit of — 



Nonpellagrous 

households. 



With 
highest 
incomes. 

(1) 



Meats (exclusive of salt pork), eggs, milk, butter, cheese 

Salt pork, lard, and lard substitutes 

Dried and canned peas and beans (exclusive of canned string 

beans) 

Wheaten flour, bread, cakes and crackers, corn meal, grits, 

canned corn, rice 

Green and canned vegetables (exclusive of canned corn), green 

and canned string beans, fruits of all kinds 

Irish and sweet potatoes 

Sugar, sirup, jellies, and jams 



All foods . 



Caiorics from protein 

Per cent of total calories from protein. 



( 2 ) 



12S 



52J 
12 



With 

lowest 

incomes. 

(2) 



m 



105 



42,0 
11 



Pellagrous 

households. 



With 

lowest 

incomes. 

(3) 



( ? ) 



344 
10 



With 2 
or more 
cases of 
pellagra 



16 

5 



8 
53 



( ! ) 



85 



349 
10.5 



1 Foods as purchased, less nonedible portion. No deduction has been made for waste of edible portion. 
The computations of the edible portion and of the protein content arc according to the analyses published 
in Bulletin 28 (revised edition) of the U. S. Department of Agriculture ( Atwater and Bryant : TheChemical 
Composition of American Food Materials). Because of the form in which it was necessary to obtain the 
records of food supplies from the stores and households, the computations are only approximately correct 
and not absolutely exact. 

* Less than 1 gram. 
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With the exception of the nonpellagrous households of the highest 
income (No. 1), the protein supply in all these diets is considerably 
lower than the older American standards (Atwater) call for. Never- 
theless, even after allowing for waste, the supply of the pellagrous 
households exceeds somewhat the allowance of 60 grams considered 
by Chittenden (1907, p. 272) as being more than sufficient to meet 
the true needs of the body, and very much exceeds the quantity (25 
grams) found by Hiudehede (1913, p. 134) to be sufficient. In this 
connection it may be noted (Table XXI) that the proportion of the 
total caloric supply derived from protein is practically the same in 
all four diets under consideration. These facts would suggest, 
therefore, that the quantity of protein supplied is in itself not an 
essential factor in relation to the incidence of pellagra, although as 
with the caloric supply the greater average suppry of protein in non- 
pellagrous households would suggest that this may not be without 
significance. 

Table XXII. — Proportion of total protein supply obtained from various groups of 
foods constituting the average daily supply during a 15-day period between Apr. 16 and 
June 15, 1916, of specified groups of nonpellagrous households and households in which 
pellagra occurred during the period March- July, 1916, in 7 cotton-mill villages of South 
Carolina. 

(Sec Table XXI.) 



Source of protein supply. 



Total protein 

Meats, eggs, milk, butter, cheese. 

Salt pork, lard, etc 

Dried and canned peas and beans 

Flour, bread, corn meal, etc 

Vegetables and fruits 

Potatoes 

Sugar, sirup, etc 

From animal food 

From cereals and dry legumes. . . 
Other sources 



Per cent of total protein in the average 
daily food supply of— 



Nonpellagrous 
households. 



With 
highest 
income. 

(1) 



100.0 



36.7 
2.5 
6.2 

50.7 

3.1 

.9 



39.2 
56.9 
4.2 



With 
lowest 
income. 

(2) 



100.0 



20. S 
3.9 
6.8 

•56.8 

1.6 

1.2 

.2 

33.3 

63. 6 
3.0 



Pellagrous 

households. 



With 
lowest 
income. 

(3) 



100.0 



21.3 
6.6 

8.7 

59.6 

1.8 

1.6 



27.9 
68.3 
3.9 



With 2 
or more 
cases of 
pellagra. 

W 



100.0 



18.6 
6.1 

9.1 

62.1 

2.1 

1.2 
.7 

24.7 
71.2 

4.0 



In view of the importance attaching to the biologic quality of the 
protein, particularly emphasized by the recent studies of McCollum 
and by those of Osborne and Mendel, we have examined the sources 
of the protein supply of each of the diets here considered and find 
(Table XXII) that in diet No. 1, approximately 39 per cent, in No. 2 
approximately 33 per cent, in No. 3 approximately 28 per cent, and 
in No. 4 approximately 25 per cent is derived from animal foods. 
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On the other hand, diet No. 1 derives approximately 57 per cent of 
its protein from cereals (wheat, maize, rice), and the common dried 
(including the canned) beans and peas, diet No. 2 derived approxi- 
mately 64 per cent, diet No. 3 approximately 68 per cent; and diet 
No. 4 approximately 71 per cent of its protein from these sources. 
In other words, the protein supply of the nonpellagrous households 
tends to include, on the one hand, a larger proportion derived from 
animal foods, and, on the other, a somewhat smaller proportion from 
cereals and dried legumes than does that of pellagrous households. 

In the light of such recent work as that of Osborne and Mendel 
(Mendel, 1915), and of McCollum (1917) and his associates, these 
facts would suggest that the protein mixture (amino-acid supply) 
in the diets of the nonpellagrous households is likely to be of a some- 
what better character (physiologically adequate) than in the diet 
of the pellagrous groups. This likelihood is increased by the tendency 
to a larger intake of protein in the former than in the latter. 

Carbohydrate and fat. — Inasmuch as the protein supply in the 
diets of the two groups of pellagrous households is quantitatively 
essentially identical, the total calories being the same, the supply of 
carbohydrate and fat considered together is, of course, likewise 
identical. By deducting from the total calorie supply of each of the 
diets the respective calories from protein, we find that the combined 
supply of carbohydrate and fat, expressed in calories, is for diet 
No. 1 approximately 3,740, for No. 2 approximately 3,400, for diet 
No. 3 approximately 2,940, and for No. 4 approximately 2,960. 
The average supply of carbohydrate and fat combined is, therefore, 
somewhat less in the diet of the pellagrous than in that of the non- 
pellagrous households. As may already have been inferred, however, 
the proportion of the total calories furnished by these constituents is 
much the same for all four diets under consideration. 

Our data are not in a form to permit of satisfactory computation 
of the exact proportion of the total calories furnished by carbohy- 
drate apart from fat. We may, however, by a study of Table VI. 
arrive at a fairly satisfactory approximation to it. With the excep- 
tion of but a negligible quantity the carbohydrate is derived from the 
foods of other than animal origin, which latter are the principal 
sources of fat in the diets. Therefore, by deducting the calories 
derived from (1) the animal protein and (2) the salt pork and lard 
group from the total calories of the respective diets, we find that 
diet No. 1 derives approximately 2,765; No. 2, approximately 2,525; 
No. 3, approximately 2,200; and No. 4, approximately 2,300 calories, 
or 65, 66, 61, and 61 per cent, respectively, of the total number of 
calories of the corresponding diets are derived from carbohydrate 
sources, preponderatingly carbohydrate themselves. The diets of 
the nonpellagrous households would, therefore, appear actually 
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somewhat more liberally supplied with carbohydrate than those of the 
pellagrous households. If allowance is made, however, for the prob- 
able error, previously referred to, arising from the character of the 
data in relation to flour and maize meal which tends to make the 
supply of these foods appear somewhat larger than they probably 
actually were in the diets of the nonpellagrous households, the 
difference in carbohydrate supply is somewhat reduced and, perhaps, 
largely disappears. In any event these data would not seem to 
bear out the suggestion repeatedly encountered in the literature 
(Albera, Gherardini, Strambio) and recently particularly emphasized 
by Decks (1912 and 1916), that the production of pellagra is depend- 
ent on the excessive consumption of carbohydrate. 

Sources of fat sup-ply. — It is of interest and importance to consider 
the sources of the fat supply in these diets. As might have been 
anticipated from what has gone before, both the nonpellagrous 
groups enjoy a larger supply from such sources as milk and butter 
than do the pellagrous. The most important other sources are salt 
pork and lard, but no significant difference between the diets of 
pellagrous and nonpellagrous households in the supply from these is 
discernible. 

Vitamines. — In the present state of knowledge we have no means of 
directly measuring the content of a diet in the factors now commonly 
designated as vitamines. It is possible, however, to compare the 
relative richness of diets in vitamines on the basis of the relative 
supply of the foods known to carry these but recently definitely 
recognized essential food factors. 

'Since it appears from a study of Table VI (Fig. 3) and from the 
facts already considered, that the supply in the diets of nonpellagrous 
and in those of pellagrous households of the South Carolina mill 
villages studied is substantially the same with respect to all groups 
of foods except the "animal proteins," of which the nonpellagrous 
enjoy a notably more liberal supply, it would seem to follow that the 
diets of the nonpellagrous households are correspondingly richer in 
the vitamines carried by the foods of this group. 

Of the three vitamines at present definitely recognized, this group 
of foods is believed to be particularly rich in that designated by 
McCollum as the "fat-soluble A," so that such disparity in vitamine 
supply as exists between- the diets of the nonpellagrous and those of 
the pellagrous households is particularly marked with respect to the 
fat-soluble factor. 

Inorganic constituents. — With respect to the ash constituents, one 
may compare the diets on much the same basis as that for vitamines. 
So far as concerns the sources of supply (quantitatively or otherwise) 
of essential minerals the outstanding differences between the non- 
pellagrous and the pellagrous households again relates to the group 
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of animal protein foods of which, in this connection, milk is the 
most important. Milk being generally recognized as a most valuable 
source of mineral elements in a diet, this would seem quite clearly 
to indicate that during the season represented by our data, the 
mineral make-up of the diets of the nonpellagrous households will tend 
to be superior to or, at least, is less likely to be deficient as a whole 
or in any of its elements than that of the pellagrous households. 

VIII. DISCUSSION. 

From the data that have been presented it would seem clear that 
basically the diet of the nonpellagrous and that of the pellagrous 
households (of comparaole economic status) in the communities 
and at the season studied are much the same, the only outstanding 
difference being a more liberal supply of the foods of the animal pro- 
tein group in the diet of the nonpellagrous households. The differ- 
ence between these diets would seem, therefore, to be one of degree, 
not of kind. A recognition of this is of great practical importance, 
for, in the first place, it clearly follows that a mere qualitative state- 
ment of the diet, such as most previous workers in this field have 
contented themselves with may be very misleading, and, further, that 
a comparison of diets on the basis of data of such character may fail 
to reveal existing differences of considerable degree and importance, 
and this all the more when no account is taken of any definite season 
either in relation to the incidence of the disease or to that in rela- 
tion to its onset in the individual. These considerations will help to 
explain many of the seemingly contradictory observations recorded 
in the literature of the subject, and further will help to make clear 
how worse than futile are likely to be arguments based on general, 
more or less hurried, and, therefore, superficial inquiries or surveys. 

The significance of the indicated association of a more liberal supply 
of the animal proteins with a relative or absolute freedom from pel- 
lagra is very greatly enhanced by the demonstration of a marked 
inverse correlation between (1) the supply of milk, (2) the supply of 
fresh meat, and the incidence of the disease. These results, it may 
be noted, coincide with those previously reported from the series of 
studies of which the present is a part, and thus constitute additional 
evidence of the controlling influence of diet in the prevention and the 
causation of the disease. It is of interest to note in this connection 
that, beginning in 1735 with the first pellagrologist, Casal, 1 one finds 
in the literature repeated mention of an absence or shortage of fresh 
meat or animal food in the diet of those most subject to pellagra. 

In this regard Strambio's comment on Albera's suggestions for the 
prevention of pellagra is highly significant: "But," says Strambio 
(1796, p. 133) "to use milk, butter, and fresh cheese in the place of 

• Cited by Lavinder, 1915. 
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oil may indeed be practicable in other places, but in the northern part 
of my country these are wholly laeking." 

Accepting the indications of the preventive value of milk and of 
fresh meat, the question arises as to what element or elements in 
these foods to credit with their preventive action. The addition of 
either milk or meat to a diet means, of course, an increase in the con- 
tent of the diet of the following known dietary factors: (1) Protein 
of a high biological quality; (2) antiscorbutic, antineuritic, and "fat 
soluble" vitamines; and (3) ash constituents. The question now 
becomes, Which of these is to be credited with the preventive action 
associated with a meat or milk supplement ? 

With respect to protein, the evidence which has already been con- 
sidered seems to us to indicate that from the point of view of quantity 
alone a deficiency in this factor can not be considered as essential to 
the development of pellagra; considering protein as a combination of 
amino-acids, however, the possibility of a deficiency in some one or 
more of these, already suggested by Voegtlin in 1914, can not be 
excluded, a possibility that must be seriously considered in view of 
the principal sources of the protein and of the tendency to a relatively 
low level of intake observable in the diets of the pellagrous house- 
holds. 

It would seem then that while the addition or increase in quantity 
of milk or meat in a diet can not be interpreted as operating to pre- 
vent pellagra simply through a quantitative increase in protein as 
such, it is possible that such an addition or increase is effective by 
making good a possibly inadequate intake of some amino-acid or 
acids; in other words, a high protein diet may be effective, not be- 
cause there is any actual need for a large quantity of protein as such, 
but because a larger intake is more likely to assure an adequate 
supply of all essential amino-acids. 

1 In the course of our study no clinical evidence of a lack of the anti- 
scorbutic or the antineuritic vitamines was observed. This would 
suggest that at least no gross deficiency in these occurred, an inter- 
pretation that is strengthened with respect to the antineuritic vita- 
mine, when we note that all diets were fairly liberally supplied with 
the foods believed to be rich in this factor. The preventive action of 
a meat or milk supplement, therefore, would hardly seem to be due, 
in any important degree at least, to an increase in quantify of these 
factors. 1 It is more difficult to judge of the r61e of the "fat soluble A " 
essential, by reason of the meagerness of our knowledge of the symp- 
toms produced by a deficiency in this factor. We observed no in- 

i The failure to prevent the occurrence of the disease in some individuals consuming a liberal daily sup- 
2>lemcnt of Soy beans and a failure to prevent the disease in two instances after a daily consumption over 
a considerable period of seven ounces of California black-eyed peas (Goldberger and Tanner; unpublished 
data) would seem quite conclusively to exclude the antineuritic vitamine, in which these legumes are 
believed to be rich, from consideration as an essential factor. 
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flammation of the eye, such as has been observed to occur in rats on 
diets low in this vitamine, nor was there observed in children affected 
with the disease a retardation of growth or development analogous 
to that observed in rats when subsisting on a diet deficient in this 
dietary essential. If the findings in rats may be applied to the human 
this would suggest that a deficiency in the "fat soluble" vitamine is 
not an essential factor in the production of the disease. 

While this, as will be seen, is almost certainly the case it would be 
premature to draw this conclusion from the considerations mentioned. 
If, as seems probable, a deficiency in the "fat soluble A" may be 
expected to show itself in the human (child) as it does in the rat by a 
retardation of growth, the apparent absence of any notable evidence 
of stunting in pellagrous children can nevertheless not be interpreted 
as conclusively showing that a deficiency in this factor is not essential 
in relation to the production of pellagra. For it must be recalled that 
the rate of growth in the human is relatively small. Retardation to 
be recognizable by ordinary observation — that is, without careful 
weight and height measurements — would therefore have to be marked, 
and this could not be expected to occur except after a continuous 
period of deprivation of considerable length. 

As under natural conditions the diet of human beings is consider- 
ably affected by seasonal changes in availability and price, and as 
there is in pellagra a well-marked seasonal rhythm, it is manifestly 
possible that the retardation occurring during one period of the year 
(the period of deprivation, let us say) may, in large part, if not fully; 
be made up during the succeeding more favorable season. Thus the 
effects in the child of a deficiency in this or any other growth- 
promoting factor might readily escape recognition or become appre- 
ciable only after the lapse of a considerable number of years, when 
the cumulative effects of repeated periods of deprivation, with more 
or less incomplete recoveries, might become sufficiently marked. 
The possibility that an increase in the "fat soluble A'' contained in a 
meat or milk supplement may be an essential preventive factor 
would seem, however, to be eliminated by the recent observation by 
Goldberger and Tanner (unpublished data) of the failure to prevent 
the occurrence of the disease in two individuals who, daily, during a 
period of four to five months before developing the eruption, con- 
sumed the fat soluble vitamine contained in three ounces of creamery 
butter. 

Another possibly preventive factor that must be considered relates 
to the ash constituents. Whether an improvement in any of these is 
essential to the prevention of the disease and is effected by an ade- 
quate meat or milk addition the facts before us do not permit of 
determination; the possibility that it may be can not therefore be 
excluded. 
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From the foregoing considerations it would seem that the pre- 
ventive power of a milk or fresh meat supplement may be due to the 
effect of a correction of a deficiency in supply (a) of some amino-acid 
or acids; (6) of the mineral elements; or (c) of some combination of 
these. There remains also the possibility of some as yet unrecognized 
factor (vitamine?) that is thus supplied and which alone, or in com- 
bination with some one or more of the factors just indicated, operates 
to prevent the disease. 

The analogy between the occasional occurrence of pellagra in 
nursing infants and the same phenomenon in scurvy is very sug- 
gestive in this regard. Opposed to this possibility is McCollum's 
insistence (1) that but two factors of this nature are essential in 
mammalian nutrition, and (2) his failure to produce in rats a condition 
resembling pellagra in man or the pellagra-like symptoms reported by 
Chittenden and Underhill in the dog. (McCollum, Simmonds, and 
Parsons, 1919.) The force of these objections disappears, however, 
when the recent work (Chick, Hume, and Skelton, 1918; Cohen and 
Mendel, 1918; Hess and Unger, 1918; Harden and Zilva, 1918a and 
1918b; and Drummond, 1919) demonstrating the occurrence of a 
third, a "water soluble C" or antiscorbutic factor is recalled. Evi- 
dently we have the possibility that the rat is as unsuitable an experi- 
mental animal for pellagra as it is proven to be for scurvy. 

Until the essential dietary factor or factors concerned in the pre- 
vention of the disease are determined, it would seem warranted to 
urge for prophylactic purposes an increased consumption of the foods 
rich in (1) protein (particularly protein of high biological quality), 
and (2) mineral matter. Besides milk and fresh meat, which our 
study would seem to indicate provide the essential preventive factor 
ox factors, 1 cheese, fresh green vegetables and fruit may be mentioned 
as, helping to fulfill these requirements. 

IX. SUMMARY AND CONCLUSIONS. 

1. To supplement the studies, chiefly experimental, of 1914 and 
1915, a study was begun in the spring of 1916, in seven cotton mil] 
villages of South Carolina of the relation of factors of a dietary, 
economic, and sanitary character to the incidence of pellagra. In the 
present communication the results of the first year's work with 
respect to the relation of household diet to pellagra incidence is 
reported. 

2. The selected communities were typical cotton-mill "villages" 
and were of about average size; none had over 800 or less than 500 



> It is not to be assumed that a pellagra-preventive diet— that is, a diet that is not pellagra-producing— is 
necessarily biologically satislactory in all respects; we believe that quite the contrary may be the case. 
In other words, a diet may be seriously defective in a number of respects and yet be adequate so far as 
pellagra-prevention is concerned. 
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inhabitants. Only the families of white mill operatives were included 
in the study. 

3. Pellagra incidence was determined by a systematic bi-weekly 
house-to-house search for cases carried on continuously from April 
15, 1916, to the end of that year. 

4. Only patients with a clearly defined bilaterally symmetrical 
eruption were recorded as having pellagra. It is suggested that, 
clinically, pellagra includes at least two commonly associated but 
etiologically essentially distinct, though closely related, syndromes. 

5. Only active cases, without regard to whether they were first or 
recurrent attacks, were considered; the date of the appearance of 
the eruption was assumed to mark the onset of the attack. 

6. Data relating to household diet were secured by obtaining 
records of sale from the principal stores, for a 15-day sample period 
during the season immediately anterior to or coincident with the 
sharp seasonal rise in incidence of the disease. 

7. Comparisons of diets of nonpellagrous with those of pellagrous 
households revealed that the nonpellagrous enjoyed a more restricted 
supply of the foods of the "animal protein" group (lean meat, milk, 
including butter, cheese, and eggs). * 

8. Increasing supplies of milk or of fresh meat were found associated, 
one independently of the other, with a decreasing pellagra incidence. 

9. No consistent correlation was found between varying supplies 
of either (1) maize meal, (2) wheat flour, or (3) the common dried 
legumes, and pellagra incidence. The results of the present study 
offered no support for the Zeist theory of the etiology of pellagra. 

10. The potential energy in the average food supply of pellagrous 
households, though somewhat less than in that of nonpellagrous 
households, nevertheless conformed closely to accepted standards so 
that the fuel supply of the diet would seem in itself not to be an 
essential factor in relation to the incidence of the disease. 

11. The quantity of protein in the average food supply of the 
pellagrous households was somewhat smaller than in that of the 
supply of nonpellagrous households of comparable economic status; 
but even after allowing for waste this exceeded somewhat the allow- 
ance considered by Chittenden as ample for physiological needs, so 
that a deficiency in total protein would seem not to be an essential 
factor in relation to the incidence of the disease. 

12. The protein supply of the pellagrous households tended to 
include, on the one hand, a somewhat smaller proportion derived 
from animal foods and, on the other, a somewhat larger proportion 
from cereals and the common mature beans and peas, which/ would 
suggest that the protein mixture (amino-acid supply) in the diets 
of the nonpellagrous households is more likely to be physiologically 
aderpiate than that in the diets of the pellagrous groups. 
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13. The proportion of calories derived from carbohydrate and fat 
combined is essentially identical in the supply both of pellagrous 
and of nonpellagrous households. The supply of carbohydrate is, if 
anything, somewhat smaller in the diets of the pellagrous than in 
those of the nonpellagrous households, so that the production of 
pellagra would seem not to be dependent on the excessive consumption 
of this nutrient. 

14. The diets of the pellagrous households have a smaller average 
supply of the recognized vitamines than do those of the nonpellagrous, 
the disparity in supply being particularly marked with respect to 
the "fat soluble A" factor. 

15. The mineral makeup of the diets of the nonpellagrous house- 
holds will tend to be superior to, or, at least, is less likely to be 
deficient either as a whole or in any of its elements than that of the 
pellagrous households. 

16. The indications afforded by this study suggest that the pella- 
gra-preventive power of a milk or a meat supplement is due to the 
effect of a correction in the type of diet studied, of a deficiency in 
supply cither (1) of some amino-acid or acids, (2) of the ash or of 
some of its constituents, (3) of some as yet unknown essential (vita- 
mine?), or (4) of all or of a combination or combinations of some of 
these. Conversely, they suggest that the pellagra-producing dietary 
fault is the result of some one or of a combination or combinations 
of two or more of the following factors: (1) A physiologically defect' 
ive protein (animo-acid) supply; (2) a defective or inadequate min- 
eral supply; (3) a deficiency in an as yet unknown dietary essentia] 
(vitamine?). The somewhat lower plane of supply, both of potential 
energy and of protein, in the diets of the pellagrous households, 
though apparently not an essential factor, may, nevertheless, be 
contributory by favoring the occurrence of a deficiency in intake 
of some one or more of the essential dietary factors, particularly 
with diets having only a narrow margin of safety. 

17. The indications afforded by this study clearly point to an 
increase in the availability of milk, particularly by increasing cow 
ownership, and of fresh meat, by all-year-round meat markets as 
important practical measures of prevention and control in commu- 
nities of the character studied. 

Addendum: After our manuscript had gone to press there came to 
hand a copy of the "Report of a Committee of Enquiry Regarding 
the Prevalence of Pellagra among Turkish Prisoners of War" in 
Egypt (published February, 1919). Among the conclusions reached, 
the following arc of most interest in the present connection: 

I. "There is no evidence of the presence of any bacterial infection 
standing in etiological relation to pellagra." 
165786°— 20 5 
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II. "There is no evidence of infection by any protozoal, spiro- 
chetal, or ultramicroscopic organism standing in etiological relation 
to pellagra." 

III. "Pellagra is due to a deficiency in protein, as gauged by its 
biological value." 
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APPENDIX. 

EXPLANATION OF ARTICLES AND GROUPS OF ARTICLES OF FOOD PRESENTED IN 

TABLES I, ET SEQ. 

In order to lessen the detail of the tables presenting comparisons 
of the average supply of various groups of households, certain broad 
groupings of articles of food have been made which are defined in 
the following. 

Fresh meats include all meats not cured, salted, or canned. The 
great bulk of "fresh meats" was beef. Occasionally sausage (made 
of beef and pork), poultry, fish, and fresh pork occurred in the house- 
hold food supplies. All of the beef and pork purchased by the house- 
holds during the 15-day periods were slaughtered locally and sold 
without much regard to cut, except with the following general dis- 
tinctions: Beef was sold as "steak," "roast," and "stew meat," 
and pork was sold altogether in the form of sausage (mixed with 
beef), very little pork being slaughtered at the time of the year during 
which the data were collected. The prices at which steak, roast, and 
stew meat were sold were fairly generally in the following ratio : Steak 
100, roast 75, and stew meat 50. "Stew meat" included rib meat, 
brisket, and all of the beef not sold as roast or steak. For these 
reasons this meat rather than steak or roast was more commonly 
purchased by the poorer households. All poultry were home or 
locally produced and killed at home. Fish was a local product in 
two villages which were near streams and, relatively, were unim- 
portant components of the fresh meat groups. 

Cured lean meats include all cured and salted meats, except salt 
pork, and consisted principally of bologna sausage, occasionally 
pork, shoulders arid ham, and, rarely, breakfast bacon. All these 
articles were packers' products. 
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Canned meats include a considerable variety of kinds and brands 
manufactured by well-known packing and canning establishments. 
Salmon was by far the most important article in this group. For 
each household purchasing during the 15-day period "Vienna" 
sausage, "pork" sausage, roast beef, chipped beef, and oysters, twc 
purchased sardines, three purchased tripe and corned beef, four pur- 
chased potted meats, and thirty used salmon. 

Eggs were all country eggs, no cold storage eggs being sold. 

Fresh milk includes sweet whole milk and buttermilk, the greater 
proportion being buttermilk. In every instance the buttermilk 
was from churnings made in the mill workers' households or in the 
households of near-by farmers, the practice being to leave a consid- 
erable residue of the butter in the milk because of unimproved 
methods of butter-making. The sweet milk in all cases was pur- 
chased whole or was from home-owned cows. In some households 
it was skimmed lightly to obtain cream for coffee. Practically all 
of the cows in this section were of mixed breed, with the Jersey 
perhaps predominating. In Computing the weight of milk the spe- 
cific gravity was assumed to be about 1.03. 

Preserved milk includes evaporated milk and, in a very few cases, 
condensed milk, of the commonly known brands. 

Butter in all instances was homemade or country made, all being 
produced locally; no butter substitutes were purchased. 

Cheese in all instances was "American" pale cheese; none was 
home or locally produced. 

Dried peas and beans include several varieties of each. Beans 
were principally ".pink'' beans (Phaseolus vulgaris), less frequently 
"white" beans, and infrequently lima beans. Peas were of the 
general variety known in this section as "field" peas, for the most 
part commonly known as "blackeyed peas." Apparently the varie- 
ties of either beans or peas were used rather indiscriminately. Beans 
were purchased by approximately twice as many households as were 
peas. 

Caiined peas and heans include the commonly known brands of 
English peas and "pork and beans." Of the two, beans were more 
frequently bought, the peas being rarely used. (Canned string 
beans are given as a separate article of food in the accompanying 
tables.) 

Wheat flour in all instances was standard patent flour. None of it 
was locally milled. It was sold as "plain" flour or as "self-rising" 
flour, the latter being a "prepared flour" (of which several brands 
were available) which required no baking powders in biscuit making. 
Where "plain" flour was purchased, a preparation known as 
"Horseford's bread preparations" was usually purchased. 
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Wheat bread, cakes and crackers include only bakery products. 
The bread was made from standard patent flour. Crackers were 
the common "soda crackers." In this group are included a mis- 
cellaneous variety of small sweet cakes or cookies sold loose or in 
5-cent cartons and manufactured by well-known biscuit companies. 
Cakes and crackers were purchased only occasionally for household 
use. 

Corn meal. All maize meal used during the period for which records 
were secured and, so far as could be ascertained, during the winter 
of 1915-1916 and the entire spring of 1916, was of local production- 
and milling or of the generally adjacent section. None of it was 
highly milled,, much of it only slightly bolted, and most of it was the 
so-called "water-ground meal" (i. e., ground in water-power mills). 
In this connection it may be noted that merchants selling to mill 
workers stated that there was a marked preference on the part of 
mill workers for the locally milled meal, partly because it was believed 
to have a better taste and to spoil less quickly, and partly because 
of a rather general belief that "shipped-in" meals were a cause of 
pellagra. 

Grits (coarsely-ground maize) was not locally produced, and was 
of the variety generally available at groceries. 

Canned corn was corn cut off the cob and canned by well-known 
manufacturers. A considerable proportion of the canned corn was 
not "sweet" or "garden" corn, but the ordinary variety of "field" 
corn. 

Rice was the white polished variety commonly purchasable at 
groceries. 

Salt fork. With the exception of a very few households which had 
salt pork left from home slaughtering of the preceding fall and winter, 
all of the salt pork was shipped from national packing centers. This 
salt pork was of two kinds, the "fat back" and "sow belly," cut 
from the back and the belly of the hog, and the "streaked meat" 
or "rib meat," cut from under the ribs. The fat back and sow belly 
contained no lean, but in the rib meat there was a small "streak" 
of lean. The latter was slightly higher in price and was used to a 
much less extent than the former. Salt pork is cooked and eaten 
with greens and green string beans and dried peas and beans, and 
also fried. When fried, the grease i» mixed with flour (occasionally 
a little milk is added) to make a gravy which is eaten with home- 
made biscuits and bread, and the remainder of the meat or crackling 
is eaten as bacon. Much of the grease from frying is used in cooking, 
and to that extent displaces lard or lard substitutes. 

Lard and lard substitutes include the so-called "leaf lards" and the 
"compound lard" manufactured and sold generally. It was found 
impracticable to differentiate in many instances between lard and 
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lard substitutes in the purchase records and family statements. 
From such information as was secured it appeared that lard sub- 
stitutes were used much more generally than lard, the approximate 
ratio being 3 or 4 to one. 

Green string beans were beginning to be available in the stores 
during the periods for which data were obtained, only a very few 
households getting them from home gardens or from other sources. 
These beans were eaten unshelled. In this group are included a 
very few households having green English peas. 

Canned string heans were the brands commonly purchasable at 
groceries. 

Green vegetables include cabbage, onions, and turnip and mustard 
greens, purchased at stores. Of the articles named, cabbage was 
the preponderating one, onions being infrequently used and then 
only in small quantities, while greens were rarely purchased. These 
articles were shipped in from other sections of the South. 

In some households home gardens were beginning to yield a little 
lettuce, greens, onions, and cabbage. The amounts were not large, 
although a fair proportion of the households were ''getting a mess" 
occasionally. The data were not secured in such a form' as to permit 
of the inclusion of home-grown green vegetables in the tabulations, 
and will be referred to in another connection. 

The bought vegetables (or "store" vegetables) may be said to 
constitute the supply which was available throughout the winter 
and spring of the year; while the home-produced green vegetables 
may be said to constitute the supply which began to be available 
for a proportion of the households in small quantities in the late 
spring and to an increasing extent after about June 15. 

Canned vegetables include all canned vegetables except legumes 
and potatoes. Practically all of the canned vegetables used were 
tomatoes, kraut, and beets,, the frequency of their purchase being 
in the ratio of about 1 of beets to 3 of kraut and 15, or more, of 
tomatoes. These vegetables were of the brands generally pur- 
chasable at groceries. 

Fresh fruits include bananas, apples, oranges, and lemons. Of 
these, bananas and apples were the predominating varieties, oranges 
and lemons being used infrequently. Bananas were consumed 
principally by mill-working members of the households between 
meals or at midday lunches, while apples entered more largely into 
the general household diet. 

Dried fruits include only apples and peaches, both being of the 
"evaporated" variety. The two fruits were used to an approxi- 
mately equal extent. 

Canned fruits include principally peaches and a few blackberries 
and apples. With rare exceptions these articles were purchased at 
stores and were of the commonly known brands. 
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Irish potatoes were purchased in all instances from stores, and, 
in all except a small proportion of households, were of the preceding 
season's crop. Spring potatoes began to be sold about May 15, but 
their price was nearly double that of the fall crop. 

Fresh or raw sweet potatoes were purchased in all instances from 
stores. They were only occasionally available during the periods 
for which data were secured, and had been scarce during the winter 
months. 

Canned sweet potatoes were from canneries in adjacent sections, 
principally North Carolina. 

Sugar included only the common white granulated variety. 

Sirup included only '-corn sirup," the most popular brand being 
the "Karo corn sirup." 

Jellies and jams include, with few exceptions, the cheaper varieties 
commonly purchasable at groceries. The exceptions were home- 
made jellies and "preserves" which were used by a veiy small 
proportion of the households. The jellies purchased at stores were 
appl,e jelly with various flavors. 

All other foods include principally coffee, tea, baking powder, soda, 
"bread preparation," and condiments. Their combined average 
cost was approximately 1 per cent of the total average cost of the 
purchased household food supply. 



DEATHS DURING WEEK ENDED MAR. 6, 1920. 

[Prom the "Weekly Health Index," Mar. 9, 1920, Issued by the Bureau of the Census, Department of 

Commoree.] 

Deaths from all causes in certain large cities of the United States during the week ended 
Mar. 6, 1920, infant mortality (per cent), annual death rates, and comparison with 
corresponding week of preceding years. 



City. 



Albany, N. Y 

Atlanta, Ga 

Baltimore, Md 

Birmingham, Ala. 

Boston, Mass 

Buffalo, N. Y 

Cambridge, Mass. . 

Chicago, 111 

Cincinnati, Ohio.. 
Cleveland, Ohio. . . 
Columbus, Ohio... 

Dayton, Ohio 

Denver, Colo 

Detroit, Mich 



Population 
July 1, 
1918, esti- 
mated. 



112,565 
201, 732 

8 689,981 
197,670 
785,245 
473,229 
111,432 
2,596,681 

4 401, 158 
810,306 
225, 296 
130, 655 



Week ended Mar. 
6, 1920. 



Total 
deaths. 



38 
11)5 
272 
123 
294 
199 

37 
790 
200 
240 

83 

6'? 

83 
303 



Death 
rate. 1 



17.6 
27.1 
21.2 
32.4 
19.5 
21.9 
17.3 
16.0 
26.0 
15.4 
19.2 
25.1 



Average 

annual 

death rate 

per 1,000. » 



C 19.9 
C 10.5 
A 20. 2 
A 17.9 
A 18.9 
C 17.1 
A 14.5 
A 17.5 
C 20.0 
C 12.1 
C 18.1 
C 22.3 



1 Annual rates per 1,000 estimated population. 

' "A" indicates data for the corresponding week of the years 1913 to 1917, inclusive, 
for the corresponding week of the year 1917. 
» Population estimated as of July 1, 1919. 
* 1920 enumeration; subject to revision. 



Per cent of deaths 
under 1 vear. 



Week 

ended 

Mar. 6, 

1920. 



13.2 
14.3 
16.5 
19.5 
11.6 
16.6 
10.8 
15.7 
12.0 
17.9 
13.3 
6.3 
7.2 
21.8 



Previous 
year or 
years.' 



C 23.3 
C 14.1 
A 15.6 
A 12.8 
A 14.5 
C 20.6 
A 14.6 
A 20.4 
C 12.5 
C 12.2 
C 15.4 
C 8.9 



"C" indicates data 



